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THREE thousand years ago there died in Egypt a king. He 
was buried with much pomp and ceremony, and in the company 
of such material things as reflected the atmosphere of his time. 
After thirty centuries, untouched except for the minor vandalism 
of robbers, these relics speak to us the story of an age which has 
passed. They tell us of a skill in craftsmanship equal to our 
own, of a beauty in art and in concept of design such as wins the 
admiration of our most famous artists; and reading the evidence 
of a little act here and a little thought there, we begin to see a 
people such as we could well have known as friends—a people 
of whom who can say that if one of them were born to-day and 
raised with our children he would be distinguishable from one of 
us. Yet, neither in the age that knew Tutankhamun, nor in any 
of the ancient civilizations that have gone before or after, do we 
find any shadow of a concept of that great scheme of nature’s 
laws which has unfolded itself so unsparingly in our generation. 

If the period from the dawn of history to the present time be 
shrunk into a day, we shall find that twenty-three hours of that 
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day are barren as far as natural philosophy is concerned, for it 
is only in the last hour that science was born; and, even as the 
human child develops.:in its struggles toward manhood, so this 
child of nature has grown, but with such ever-increasing strength 
that in the last teri minutes of its existence, in the last twenty-five 
years of actual time, it has outshone all the accomplishments of 
its infancy and adolescence and has torn from nature more of her 
secrèts: than she has vouchsafed to man in the whole previous 
., history of his existence. 

l Three hundred years ago we find the world just emerging 
from the state in which he who would search for the hidden 
truths of nature must contend with three great obstacles—super- 
stitution, the power of the church, and, last but not least, a con- 
glomeration of fixed notions as to the way things should happen, 
built upon the pseudo-philosophical reasoning of bygone ages, 
reasoning founded not upon experimental bases, but upon dogma 
evolved out of the imaginations of the philosophers. 

The train of scientific thought was founded largely upon the 
hypothesis that the writings of Aristotle were to be the ultimate 
court of appeal in all matters of dispute, and wondrous indeed 
were some of the things which Aristotle and his disciples had 
said. A good example of some of their misty philosophizing is 
the proof given by one of them that the world is perfect. 

“The bodies of which the world is composed are solids, and 
therefore have three dimensions. Now three is the most perfect 
number; for, of one we do not speak as a number, of two we 
say both; but three is the first number of which we say all. More- 
over, it has a beginning, a middle, and an end.” 

Towards the end of the fifteenth century we find young 
Galileo enjoying the princely stipend of fifteen cents a day as 
professor of mathematics at the University of Pisa. It is true 
that the professor of medicine gets thirty times as much, and 
Galileo’s parents had originally intended him to be a professor 
of medicine. But what does he care! For he is much interested 
in discovering the laws of falling bodies; and, in spite of the fact 
that Aristotle has said otherwise, he is contending that heavy 
bodies and light bodies fall at the same rate. In scientific circles 
much resentment is felt at such a revolutionary . suggestion; 
for Aristotle, without appeal to experiment, has evolved out of 
the consciousness of his inner mind the decision that bodies fall 
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at rates depending upon their weights. It matters not that young 
Galileo has ascended the leaning tower of Pisa with a one-pound 
weight and a hundred-pound weight and, in full view of the 
learned men of the day, has dropped them from the tower and 
found that they struck the ground together. For Aristotle has 
maintained otherwise, and science 1s the voice of Aristotle. 

Neither is there more tolerance in the matter of astronomy. 
For Galileo has invented and constructed a telescope; and though 
he has received much honor from his university for this per- 
formance, and has had his salary doubled, there are many who 
not only refuse to accept what the telescope reveals, but stead- 
fastly refuse to look through it lest they should be convinced 
of the truth of that which they do not wish to believe. With this 
obnoxious machine Galileo has found that the moon has moun- 
tains like the earth, which robs that body of some of its individual 
importance. He has found spots upon that most perfect of 
heavenly bodies, the sun, but worst of all he says that Jupiter 
has four moons attendant upon him. This last conclusion is in a 
way to upset everything. Though too much of a man of progress 
to doubt the evidence of his own eyes, even the great Kepler is 
disturbed in his mind. For, according to all prevailing notions 
of the day, there should be seven planetary bodies and no more— 
the earth, moon, Mercury, Venus, Mars, Jupiter and Saturn. 

Hear the argument of Francesco Sizzi, himself a Florentine 
astronomer, against this assertion of Galileo: ? 

“There are seven windows in the head, two nostrils, two 
eyes, two ears, and a mouth; so, in the heavens there are two 
favorable stars, two unpropitious, two luminaries, and Mercury 
alone undecided and indifferent. From which, and many other 
similar phenomena of nature, such as the seven metals, etc., which 
it were tedious to enumerate, we gather that the number of 
planets is necessarily seven. 

“ Moreover, the satellites are invisible to the naked eye, and 
therefore can have no influence on the earth, and therefore are 
useless, and therefore do not exist. 

“ Besides, the Jews and other ancient nations as well as 
modern Europeans have adopted the division of the week into 
seven days, and have named them from the seven planets: now 
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if we increase the number of planets this whole system falls to 
the ground.” 

You can judge of the wrath and indignation which Galileo 
brought upon his head when he contended in reply that, whatever 
might be the force of these arguments as a reason for believing 
beforehand that no more than seven planets would be discovered, 
they hardly seemed of sufficient weight to destroy the new ones 
when seen. 

It was Galileo who wrested from nature the secret of the 
laws which govern motion—the laws which govern the motions 
of almost everything, the planets in the heavens, the fly wheel of 
the steam engine, the bird in flight—yes, and in a large measure 
at any rate, the motions of the innermost parts of the very atoms 
of matter itself. But Galileo did not evolve these laws out of 
the dogmas of imagination, but by the more humble and safe 
appeal to direct experiment. He marked out the method of 
approach, the experimental method, which has been the model 
for all succeeding generations in their search for the fundamental 
facts which govern the workings of nature. 

The laws of motion may be written on a postcard, but their 
consequences have not been exhausted in all the books men of 
science have written in three hundred years. As we all know, 
Galileo’s life was beset with tribulation. He lived in an age when 
there was little tolerance for one who followed not the conven- 
tionalities of thought of the day. To question the learning of 
the past was arrogance, to discover new truth was blasphemy, and 
so he died having sown, however, the seeds of the fruit that was 
to come. He died in a world seething with superstition and ruled 
by the dogmas of an ancient past, but a world which was destined 
only a year later to see the birth of one who is rated by many 
as the greatest genius of all time—that great prince of England’s 
men of science—Isaac Newton. 

In its purest aspect, the task of the natural philosopher to-day 
is to discover the relationships existing between the different 
phenomena which happen in our universe. He seeks to see in 
the workings of nature simply different illustrations of a few 
fundamental principles. Newton was the greatest of the pioneers 
in this method of systematized thought. In his great work, 
the “ Principia,” characterized by the Marquis Laplace as pre- 
eminent above all productions of the human intellect, he demon- 


Jan., 1928. ] NATURAL PHILOSOPHY. 5 


strated the powerful simplicity of the fundamentals which control 
the destinies of the heavens. No longer did the universe appear 
as a bizarre and formless thing governed by such a heterogeneous 
system of agencies as to merit well the caustic comment of the 
sovereign of Castille when, bewailing the complexities involved 
in an attempt to explain the motions of the planets, he remarked 
that ‘‘ Were the heavens thus constituted, he could have given 
the Deity good advice.” 

No longer need the sun carry spokes, as Kepler thought, to- 
grind the planets around in the heavens. No longer was a 
guardian angel necessary for each planet to guide its course. No 
longer were the planets whirled through space by the whirlpools 
of an ether as a twig is whirled about in the rapids. All that was 
necessary was the laws of motion of Galileo, operating under the 
influence of a force emanating from the sun according to the 
inverse square of the distance therefrom. And this force was 
no new and mysterious thing, for Newton showed that gravita- 
tion, that same old force which had been known for so long— 
gravitation which causes apples to fall from the tree to the ground 
—was sufficient to control the moon in its orbit, and such a gravi- 
tation with its origin in the sun served the purpose of controlling 
the planetary motions. Moreover, in this same gravitation did the 
tides find their origin through an attraction of the moon. In 
this same gravitation from the sun, combined with the flattened 
shape of the earth, did that mysterious conical motion of the 
earth’s axis concerned with the precession of the equinoxes find 
its origin, and in the laws of Galileo was to be found an explana- 
tion of the actual flattening of the earth’s shapes as a result of 
the centrifugal force of its rotation. These and many other 
things did Newton demonstrate in the “ Principia ” and by their 
means brought astronomy from a state of pure charlatanism to 
the state of order symbolized by Pope’s famous words, “‘ Nature 
and Nature’s laws lay hid in light, God said: ‘Let Newton be’ 
and all was light.” 

Even as our greatest architects strive for beauty couched in 
a fundamental simplicity of design, so the Grand Architect of the 
universe revealed himself in Newton’s great work as the father 
of the principle of dignity of structure through ultimate sim- 
plicity. It is a great faith in the possibility of seeing in the 
operations of nature the working of principles which are ulti- 
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mately simple which, as each new discovery is revealed, has 
encouraged man to the hope that he may some day understand 
them. 

While to-day nature has revealed many treasures unknown 
to Newton, there are few who, realizing the great stride made 
in the “ Principia,” will not to-day join with Halley in his eulogy 
of that great work, “ So near the gods man cannot nearer go.” 

When an outstanding genius causes science to take a leap 
forward beyond the vision of his contemporaries, there usually 
follows a period of depression in which it seems that all that 1s 
worth doing has been done, and that what the universe has not 
already revealed must forever defy the power of man to fathom. 
Such a period followed Newton. Of course, much valuable work 
was done in the years which came after, but it took more the 
form of a development of the consequences of Newton's labors 
than of the discovery of new paths of knowledge. And then, only 
about a century ago a new page in the architectural designs of the 
universe was turned, and the heading on that page was electricity. 

The forerunners in the march of science do not often come 


heralded by much ceremony suggestive of the power that lies — 


behind them. Often in apparent trivialities do they reveal them- 
selves—trivialities so void of spectacular content that but few 
can be found who deem it worth while to listen to their story. A 
hundred and fifty years ago little more was known of the science 
of electricity than the fact that if a black rod is rubbed with the 
skin of a cat it will acquire the power to pick up small pieces 
of paper, and, if viewed in the dark, will be found to emit a blue 
glow. One can hardly imagine a set of phenomena more vulner- 
able to the scoffer; for, black rods and cats have been the stock 
paraphernalia of witches from time immemorial—the blue light 
visible in the dark adds no particular prestige to the phenomena. 
And then, we find that these things will not reveal themselves in 
the presence of water. Now, we should say that water destroys 
the electrical insulation, but the scoffer who had heard so much 
of the fundamentality of that triumvirate, “earth, fire and 
water,” might find ample wherewithal to whet his sarcasm, and 
even though he should admit the reality of the phenomena them- 
selves, he might well attack them on the basis of their futility, for 
it would appear that if all the black rods in the world were rubbed 
with the skins of all the cats, the most that might hope to be 
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accomplished would seem to be the raising of a small weight of 
totally insignificant amount. And yet, on this earth at that very 
time there existed, and within the reach of man, the wherewithal 
to make a dynamo. 

To one who contemplates the enormous manifestations of 
electrical power to-day, it seems almost inconceivable that all of 
these potentialities could have remained dormant for the whole 
period of man’s civilization. 

The Royal Institution of Great Britain was founded by Count 
Rumford in 1799. Its stated purpose is “the promotion, diffu- 
sion, and extension of Science, and of useful knowledge.” To 
its lectures given by Sir Humphry Davy at the beginning of the 
last century came a young bookbinder’s apprentice, whose enthu- 
siasm sufficiently impressed the lecturer to result in his being 
appointed as assistant at the Institution. Unfortunately, it 
became necessary for the young man to have some money where- 
with to live, but there was no money for scientific assistants. 
However, the Institution had an appropriation for janitors and 
so the bookbinder’s apprentice, Michael Faraday, became janitor 
at the Royal Institution. I do not know how efficiently he per- 
formed his duties in the office of janitor, but even though he may 
have neglected the windows of the laboratory, he cleaned well the 
windows of science, and even though he may have neglected the 
cobwebs on the walls of the building, he cleaned many of them 
from the horizon of knowledge. 

The fact that wires carrying currents possessing in many 
respects the characteristics of magnets was already known, but it 
fell to Faraday to discover the fact that batteries were not the 
only means by which electric current could be produced, and to 
demonstrate the fundamental principles upon which electrical 
engineering is based to-day. By the labors of that little group 
of men, Ampere in France, Faraday in England and Henry in 
this country, we came into possession of most cf the facts govern- 
ing the broader features of electrical science of the facts which 
tell us how to build a dynamo, a motor, and the like. We came 
to know of strange new forces with mysterious relations between 
them. But what was their explanation—what was the secret of 
their mutual relations—of what broad principles of the design 
of the universe did they form a part? Then came Clerk-Maxwell, 
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who sought to correlate these discoveries into a more harmo- 
nious unity. 

Maxwell was a great mathematician; and, as a result of his 
labors, he wrote a book which few could read, but which, in the 
years that have followed, has served to mould our thoughts to 
that comprehension of the subject which we enjoy to-day. 

The place of the mathematician, of the dreamer, in natural 
philosophy, is not always apparent to the layman. He takes the 
facts which the experimenter gives him, and seeks to correlate 
them as part of a greater framework of truth in the hope that the 
frame itself shall suggest other things which may be true, and 
thus stimulate further search, and widen our comprehension of 
the whole. A man coming to us from another country, or from 
another world might, by observing the actions of our President, 
our Secretary of Labor and the governor of one of our states, 
form some sort of an opinion as to the probable actions of these 
individuals under given circumstances. His understanding of the 
whole situation would, however, be much less complete than it 
would be were he acquainted with the whole mechanism of our 
constitution, or even with some part of it which was fairly com- 
plete in itself. If his knowledge is confined within the limits 
we have supposed, however, he might take such information 
as he had, and try to reduce it to some sort of order by building 
in his mind a constitution of which such individuals as he knew 
formed a part. In this creation of his mind, he would have to 
‘picture many new individuals and offices in order to complete the 
framework o“ his thought. He would naturally suggest a search 
for these individuals. Every additional one found would add 
more certainty to his general plan, while every one he failed to 
find would give him a clue as to how his plan should be modified 
in order to conform to the facts. When all was complete, or, 
indeed, long before all was complete, long before he knew the 
status of every minor clerk in the government’s employ, he would 
be conscious of a much better understanding of the whole situa- 
tion, and would be in a much better position to draw upon the 
services of the government than he was when the whole of his 
knowledge was confined to the actions of the three individuals 
we named at the start. If this man, who corresponds to our 
mathematical physicist, should now go back to his own people, 
he would doubtless have much difficulty in making them under- 
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stand the plan of our government. The facts they would have to 
accept, but it might be only after prolonged experience of 
our actions that the mechanism of our procedure would enter 
into their inner consciousness with that force which implies 
understanding. 

So, Maxwell sought and found a beautiful scheme of thought 
in which to comprehend and harmonize the discoveries of his 
predecessors. The form of his scheme was such as to suggest 
that it should be possible to propagate electromagnetic disturb- 
ances in the form of waves in an all-pervading medium, and that 
certain of these waves should have the properties of light waves, 
and that all should travel with a velocity equal to that of light. 
His conclusions in the latter respects were beautifully verified 
by his calculation of the correct velocity of light from purely 
electrical data, and his predictions in the former have received 
wonderful justification, first in the experimental work of Hertz 
and Lodge, and finally in the modern developments of wireless 
telegraphy and telephony in the hands of Marconi and others, 
developments which at every stage of their progress have drawn 
upon the principles outlined in Maxwell’s great work. We now 
know that the electromagnetic waves of wireless, heat rays, 
light rays, the ultra-violet rays used therapeutically, X-rays, the 
gamma rays emitted by radium and the cosmic rays of which we 
have heard so much recently, are all special cases of electromag- 
netic waves differing from each other in their essentials only as 
regards their length. The longest are the wireless waves, which 
attain lengths of the order of a mile, and the shortest constitute 
the cosmic rays, whose length is comparable with the one- 
millionth of the one-millionth of a centimetre. 

And then, following Maxwell, once again science made one 
of those pauses for breath in which many seem to see the end 
of all that man may hope to know—those dread pauses in which 
the horizon of discovery seems the boundary thereof. 

Thirty years ago was a time of great depression in physics— 
a time when would-be Ph.D.’s went about like roaring lions seek- 
ing something to measure and finding nothing but the density of 
a gas or the viscosity of a solid. The sentiment of the times was 
well voiced by a certain European physicist of eminence who 
stated that it was probable that all the important experimental 
discoveries in physics had then been made and that henceforth the 
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investigator must confine himself to a repetition of what had 
been already done with greater attention to minor matters 
of precision. . 

Even in those days the apparatus cases of most laboratories 
contained curiously shaped glass tubes containing rarefied gases 
of various kinds which could be made to glow in fantastic man- 
ner by sending an electric discharge through them. Few sought 
to penetrate the mysteries of those tubes. They would be brought 
forth on the occasion of popular exhibits in the laboratory, made 
to go through their alluring performances and then returned to 
their cases to await the next festivity of the kind. They were 
not viewed as serious articles of scientific research, but hardly as 
more than toys. And yet, what a marvellous secret they held! 
For it was in one of those tubes that, in 1898, J. J. Thomson 
discovered one of the two fundamental bricks out of which the 
universe is built—the electron—the tireless worker whose home 
is in the atom—the thing whose quivers send us light from 
the sun, whose ceaseless flight around the atom’s centre gives the 
magnet the power to pull—the thing whose motion through the 
electric cable constitutes the electric current—the thing whose 
splash when hurled into the atom with great speed is the X-ray— 
the thing whose motions in the antenna send us wireless waves, 
and whose motions in the radio tube enable us to detect those 
waves. It is to the electrons that matter owes all its chemical 
properties. it is electrons from the sun which are responsible 
for the aurora. The atoms of which matter is composed are so 
small that about a hundred million of them laid in line would 
take up but the length of one-third of an inch, but the electron 
is so small that even in comparison with the atom it is but as a 
fly compared wth a cathedral. It is so light that if everything 
were magnified in mass so that the electron attained a mass of 
four ounces, that four ounces would on the same scale of magni- 
fication become as heavy as the earth. 

Before the discovery of electrons we had cause to believe 
that there were such things as atoms and molecules, but nobody 
ventured to picture their structure, and we felt we had gone far 
in penetrating nature’s mysteries when we were able to say that, 
on the basis of certain plausible considerations, it was probable 
that if a drop of water were magnified to the size of the earth, 
the molecules would become as large as small shot. The discov- 
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ery of the electron gave a fresh impetus to man’s hope of under- 
standing the atom, and before long the second fundamental brick 
of nature’s structure revealed itself—the fundamental unit of 
positive electricity—the proton, whose natural home is in the 
nucleus, the heart of the atom. The proton is two thousand 
times as heavy as the electron but it is two thousand times as 
small, so that if the proton were magnified to the size of a pin- 
head, that pinhead would, on the same scale of magnification, 
attain a diameter equal to the diameter of the earth’s orbit around 
the sun. 

At the end of the last century Rontgen discovered X-rays. 
The property by which they first claimed attention was their 
power to pass through flesh and so show shadows of the bones 
of the body. Soon, however, it was realized they were endowed 
with many other properties of a most important and interesting 
kind, properties which were bound up with the atom’s structure 
and whose study therefore served to throw further light upon 
that structure. 

Until the end of the last century, one of the most firmly 
established beliefs was that of the permanence of the atoms. 
However, near its close, Becquerel found certain curious proper- 
ties of uranium oxide which suggested that this substance was 
continually emitting some kind of a radiation which could pass 
through screens opaque to light, and affect a photographic plate. 
Several other substances were discovered possessing this prop- 
erty, and many other characteristics of these substances were 
discovered, characteristics which could only be harmonized on 
the belief that the atoms of these substances were in a continual 
state of spontaneous disintegration—of atomic explosions if you 
will, and that the phenomena observed were the symbols of 
these explosions. 

One may naturally be led to inquire how far discoveries in 
pure physics and mathematics find their reflections in the things 
of everyday life in the sense which we call useful. If ina great 
city we should set out on our travels with the intention of visit- 
ing all the places within the field of our immediate interests to 
the exclusion of others, and if we should refuse to walk along 
any street which did not itself contain many of these places, then, 
even as regards those things to which our interest was confined, 
we should limit greatly the possibilities which that city opened 
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to us. If this is true of a relatively simple structure like a city, 
how much more is it true of that beautiful framework of science 
whose parts are so clearly interwoven that it is almost impossible 
to touch one of them without producing response in all the 
others. While, therefore, the man of science must pursue knowl- 
edge for its own sake, it is a remarkable fact that practically all 
of those achievements in the physics of the past twenty years 
which might be classed as utilitarian, have arisen directly from, 
or in relation to investigations pursued with no utilitarian motive 
directly in view. X-rays revealed themselves first in the light . 
of their importance in surgery. The study of their properties 
shed a new light upon the structure of the atom and this light 
was reflected back with enhanced intensity to clarify the proper- 
ties of the X-rays themselves. The immediate application to 
photographic surgery was obvious, but that field which is con- 
cerned with the effects of the rays upon the body tissue, upon the 
cure of cancer and the like, was not so evident. Bound up as it 
is with the properties of the rays in relation to their passage 
through matter, with their absorption in the tissues, and the 
extent of the molecular disruption which they produce, it must 
draw for its development upon the more fine-grained aspects 
of the study of X-rays which the physicist has made in the field 
of his own interests. 

The study of radio-activity has taught us that in the spon- 
taneous disintegration of the atoms which accompanies this 
process, powerful radiations are emitted. First we have the 
alpha particle, a positively charged atom of helium, with a veloc- 
ity of eighteen miles per second. Then we have electrons travel- 
ling with a velocity ten times as large and finally we have a very 
hard type of X-ray known as gamma rays. These rays possess 
the power to disript molecules through which they pass and it is 
this power which gives them, in common with X-rays, such great 
value in medicine. The surgeon’s knife can dissect the tissues 
and remove the larger malformations of growth, but the X-rays, 
the rays from radium, and those of ultra-violet light can dissect 
the malformation on things ten thousand times smaller than the 
smallest things which our microscope can reveal. 

The detailed investigations of phenomena pertaining to the 
passage of electricity through gases—phenomena whose study 
led to the discovery of the electron, necessitated an improvement 
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in our methods of producing high vacua. The pumps of to-day 
can accomplish in fifteen seconds what would have taken a couple 
of hours twenty-five years ago, and the vacua attainable are ten 
thousand or more times better than they were in those days. We 
can now reduce the pressure in our apparatus by means of 
modern pumps to such an extent that only one in every hundred 
thousand million of the molecules originally present remains. 
This improvement in the technique of producing high vacua, 
rendered necessary for investigation in pure science, has ren- 
dered possible the electric lamps which we use to-day. It has 
rendered possible the modern X-ray tube—an instrument not 
only infinitely more reliable than the weak and capricious tubes 
of twenty years ago, but controllable in intensity to amounts 
twenty times as great as those formerly attainable. It is only 
through the aid of modern vacuum technique that the modern 
broadcasting station has been rendered possible, that the radio 
amplifying tube has become a reality, and that we can have wire- 
less transmission of signals, speech and photographs. 

If, twenty years ago we had wished to give an example of a 
type of research which was least likely to have an utilitarian 
value, we could hardly have chosen a more fitting example than 
the investigations which Prof. O. W. Richardson had been carry- 
ing on in England, and later at Princeton, on the emission of 
electrons from heated wires; yet it is to these investigations, 
combined with the power to produce high vacua, that we owe 
the modern radio tube, the X-ray tube, and a variety of appliances 
used in the general fields of radio transmission and X-ray 
technique. 

It has long been known that light when falling upon the 
surface of certain substances possesses the power to eject elec- 
trons from them, and the study of this phenomenon has been one 
of primary importance in relation to our knowledge of atomic 
processes. But it, too, has had its practical application, for it is 
this phenomenon which has rendered possible the wireless trans- 
mission of pictures, and a variety of other things hardly less 
important even though less spectacular. 

Many years ago, Rowland, of Johns Hopkins University, 
showed us how to rule very fine closely spaced parallel lines on 
speculum metal, and use them to analyze light into its component 
colors. That which the grating does to the light can be predicted 
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if we know the spacing of the lines; and, conversely, if we had 
known beforehand the nature of the light, we could have gained 
information regarding the spacing of the lines. Since X-rays are 
of the same general nature as light, but of much shorter wave- 
length, it became a matter of interest to inquire how far such 
methods could be applied to them. It soon appeared, however, 
that for the successful pursuit of this problem, it would be neces- 
sary to rule lines whose distance apart was of the order of one- 
hundred-millionth of a centimetre. We cannot, of course, make 
such ruling, but nature has provided us with something very like 
them in the regularly spaced atoms which constitute a crystal of 
rock salt, for example. About fifteen years ago, Laue found that 
he could make a crystal act in relation to X-rays in very much 
the same way as Rowland’s gratings acted toward light. The 
matter was pushed rapidly forward by a number of physicists, 
and soon gave accurate means of measuring the form of distri- 
bution, and spacing of the very molecules of the crystals. It is 
quite impossible in a short space to give any idea of the tremen- 
dous field of activity which these discoveries opened up in rela- 
tion to atomic structure on the one hand, and the nature of 
X-rays on the other. Not only this, but it soon became realized 
that there were other fields of usefulness for the new method. 
Not the least among these has been its application to the structure 
of metals, which has provided the metallurgical engineer with a 
new method of attack in the detailed examination of his alloys, 
and of the effect of strain and other treatment upon them. 
Whereas formerly the limits to the fineness of his examination 
were determined by what his microscope could see, he is now 
almost in a position to look at the very molecules themselves. 
Many years ago, Professor Michelson, of the University of 
Chicago, became interested in the question of whether or not the 
velocity of light is affected by the earth’s motion. This is an 
experiment having, at first sight, nothing but a philosophical 
interest. But Professor Michelson obtained an unexpected result, 
a result which did not harmonize with our understanding of 
nature’s laws; and herein lay its great value, for it showed that 
our modes of thought required revision. This great revision, 
not, of course, in the laws themselves, but in the sense in which 
we interpret them if they are to harmonize throughout, consti- 
tutes the theory of relattvity—a way of looking at things which 
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soon made its influence felt outside of the domain in which it 
was born—a scheme of thought which has enabled us to see har- 
mony in, and so understand, many wonderful things in the theory 
of electricity, atomic structure, and other branches of physics. 
Moreover, here again, we meet with a remarkable example of 
the interdependence of the various parts of science on each other. 
Of all branches of pure mathematics one could hardly conceive 
any farther removed from nature than those having to do with 
non-euclidean geometry, and the so-called absolute calculus of 
Ricci and Levi-Civita. These were fields so specialized as to be 
studied only to a very limited extent by mathematicians them- 
selves. Yet, even as an archzologist might suddenly come upon 
a scroll of papyrus outlining the laws of an ancient civilization, 
and might therein find the means to harmonize, and understand 
the other visual records which his search had unearthed, so 
Einstein found in these abstruse writings of the mathematicians 
the wherewithal to express the unity of nature’s laws in a 
form so beautiful that he has likened that expression to a 
wonderful symphony of which our universe is the expression of 
God's rendering. 

Astronomy, the most ancient of the sciences, has always 
occupied a place in the forefront of the imagination of the scien- 
tist and the layman alike. With the motions of the planets 
coordinated by Kepler, and moulded into a beautiful scheme of 
physical law by Newton three hundred years ago, there seemed 
but little more that man could expect to discover. The growth 
of the science of optics soon provided a tool wherewith to explore 
farther, however. Laboratory studies of the nature of the light 
emitted by incandescent solids and gases soon provided a means 
of determining much concerning the heavenly bodies by a study 
of the light which they emit. Stars which are so far away that 
their light, travelling towards us at the rate of 186,000 miles 
per second, takes thousands of years to reach us, may move with 
great velocity without that velocity making itself apparent by 
direct observation. A study of their light has enabled us to 
determine their speed in very much the same way that we could 
determine the speed of a train by noting how much the pitch of 
its whistle is altered by the motion. 

The stars are so far away that even in our most powerful 
telescopes they appear but as points in spite of their great size; 
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but by drawing in greater detail upon our knowledge of the way 
in which light comes to us and of the effect of the size of the 
emitting body on the character of the light, Professor Michelson, 
at an age when most men are content to rest upon their laurels, 
performed one of the most brilliant feats of a lifetime of masterly 
achievements in measuring the diameter of one of these stars, 
a feat equivalent to measuring the diameter of a penny at a 
distance of a thousand miles. 

Strange as it may seem that we can learn so much about the 
stars which are so far away, the last few years has enhanced still 
further the wonder of it all. For the knowledge which we have 
gained about matter by experiment in the laboratory has found a 
most remarkable field of application in enabling us to understand 
the conditions which must prevail in the stars; and, these stars 
by their peculiar characteristics of large size, high temperature, 
high density, and so forth, have provided us with conditions to 
test our conclusions such as we could never have hoped to attain 
in the laboratory. A gas compressed to a density eight thousand 
times that of steel is but a figment of the imagination in the 
laboratory, yet of such stuff is the Companion of Sirius made. 
Temperatures of forty million degrees correspond to things ten 
thousand times as hot as any temperatures we find on earth, yet 
nature has realized such temperatures in some of the stars. And 
so the stars, far from being things through which we dare hope 
to learn but little have, by their exceptional condition, served to 
provide us not only with a very fascinating story of their own 
life history, but with a large part of the story of the birth of 
matter itself. 

Discoveries in the fields of experimental science naturally go 
hand in hand with that study of the laws of design of the uni- 
verse which we call theoretical science. One supplements the 
other, and the strength of one enhances the strength of the other. 
It is naturally around the atom’s structure that the thoughts of 
men have loved to hover. And here, the power to comprehend 
a new point of view has grown enormously in the last few years. 
We have a clearer understanding of what understanding means. 
We were in danger of becoming so enamoured of those laws 
which govern the behavior of matter in bulk as to refuse to 
admit any other possibilities in respect to the laws of the atom. 
The workings of the coarse-grained things of nature were all 
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about us. Pulleys, springs, water torrents, the waves of the sea, 
these were things of common experience, and the mind sought 
contentment in the thought that the atom might utilize in its 
structure only things which behaved as these things behaved; and 
even as a little hill may hide the Alps from one whose life is in 
its shadow, so there was danger in the known and obvious work- 
ings of the common things around us obscuring from our vision 
the story of that great universe of the atom which lies beyond. 
Happily, the complacency of our outlook has received, in recent 
years, one or two serious jolts. First came the theory of rela- 
tivity, which taught us that a greater elasticity of thought was 
necessary if we were to understand nature as she is rather than 
as we might have made her. Then came a series of experimental 
phenomena which seemed to violate all our notions of how things 
should be, and since we could not alter the experimental phe- 
nomena we had to alter the notions, and so there arose the 
so-called quantum theory of atomic structure—one of the most 
helpful crystallizations of thought for correlating the facts that 
we have ever had. And then, as further search showed this 
theory to be inadequate beyond a certain stage, there arose only 
a couple of years ago, an entirely new way of regarding the atom 
—a way so radical in its point of view that it is safe to say that 
had it been put forward fifteen years ago, it would hardly have 
attained a hearing. Born in a day of more liberal thought, how- 
ever, it had no sooner made an appearance than a host of workers 
arose to welcome it and to develop it consequences, so that to-day 
there is hardly a physical laboratory in the country which does 
not contain one or more people who have acquired the power to 
think in its terms. 

In speaking of theories being discarded and superseded by 
others, we must not think of the discarded ones as useless. The 
situation is not so much one where we are to think of a certain 
theory as right and all the others wrong. In a sense, different 
theories are like different languages for describing the same 
phenomena. The English language may be more suitable—more 
powerful for the purposes of the science of chemistry than the 
French language. It may have a greater richness of word con- 
tent; but to say that one is right and the other wrong is to 
utter nonsense. 

And so, a quarter of a century after the prediction of the 
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eminent European philosopher to the effect that discovery was 
ended we find ourselves in the most intensive period of scientific 
activity of all time. We may well ask where we are headed. 
Shall we continue to discover new treasures, or, when we have 
catalogued those we have, shall we reach again one of those 
periods of stagnation? If we do, and if there be any one who 
then feels that progress is ended, that knowledge is complete— 
and that science is dead, let him think of how confidently he 
could have voiced that same thought in the civilization of the 
Pharaohs. Let him think with what surety he would have voiced 
it in the years which followed Newton. Let him think how he 
would have voiced it—yes, perhaps how he did voice it thirty 
years ago, and then let him take hope. For, the words of the 
Bard of Avon are truthful yet. There is more in heaven and 
earth than is dreamed of in even twentieth century philosophy, 
and the richness of nature’s content will not be fathomed in 
our time. 


THE DESIGN, CONSTRUCTION, AND EQUIPMENT OF 
THE BROAD STREET SUBWAY IN 
PHILADELPHIA.* 


BY 
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THE TRANSIT SITUATION IN PHILADELPHIA AND ITS DEVELOPMENT. 


The Period 1912-1923.—The City of Philadelphia many 
years ago reached a point in its development where it was recog- 
nized that it must have high-speed transit service and that the 
city itself would have to undertake at least the burden of con- 
struction, with the belief that the best results could be secured 
only by the operation of the city-built lines and the privately- 
owned lines as a unified system. In 1913 legislation was passed 
conferring on the city the right to purchase, lease or construct 
transit facilities and to own, lease or operate such facilities, and 
adding to the city government a Department of City Transit. 

A system of rapid transit lines (The Taylor Plan) was 
adopted, funds authorized, and construction work started on the 
section of the Broad Street subway under City Hall, on sections 
of a delivery loop in Arch and Locust Streets, and on the Frank- 
ford elevated line. Federal restrictions arising from war con- 
ditions made necessary the cancellation of certain contracts and 
a limitation of the work under construction and prevented further 
advance in carrying out the program. The construction work 
under City Hall was completed, the now abandoned sections in 
Arch and Locust Streets were closed up, and the Frankford ele- 
vated line was completed and put in public service late in 1922. 
Changing conditions and viewpoints during this period led to a 
demand for a revision in the routes, and after consideration of 
the situation by a Councilmanic Transit Commission, a material 
revision in the general plans and program was authorized by the 
voters in the fall election of 1923. 

The Department of City Transit is one of eight departments 
under the mayor. It has no regulatory power over the rates, 
service or facilities of the existing privately-owned transportation 

* Presented at a meeting held Thursday, December 1, 1927. 
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system. Its principal functions are to plan, design and construct 
transit facilities as authorized and directed by City Council, and 
to study transit needs and developments and related problems. 
The preparation of plans and specifications, the receipt of bids, 
and the awarding of contracts, and the supervision of construc- 
tion are its direct responsibility. 

The Philadelphia Rapid Transit Company operates as a uni- 
fied system an extensive street railway system, a rapidly growing 
bus system, a taxicab company, and the Market Street subway- 
elevated line which connects the eastern and western portals of 
the city with the central business section and the rapidly develop- 
ing areas in the northeast. The Frankford elevated line is owned 
by the city and leased to the Philadelphia Rapid Transit Com- 
pany. The rest of the existing system is privately owned. 

The main features of the program adopted in 1923 are shown 
on Fig. 1. For immediate construction this program called for 
the building of a subway in Broad Street, of four-track capacity 
from Spruce Street to Olney Avenue, with a two-track branch 
under Ridge Avenue from Broad to Eighth Street, thence along 
Eighth Street to Walnut Street, westwardly in Walnut Street, 
crossing the Schuylkill River to West Philadelphia, and connect- 
ing at Forty-second Street and Woodland Avenue with an ele- 
vated railway leading to Darby. The Broad Street subway and 
the branch to West Philadelphia will form the backbone of a 
transportation system by directly connecting the rapidly increas- 
ing population in the northern part of the city with the industrial 
and residential sections to the southwest, with provision for 
through-routing and for delivery in the central business and 
commercial districts. 

The early construction of a surface car subway in Chestnut 
Street between the rivers for the relief of street conditions in 
Chestnut and Walnut Streets by the removal of the surface rail- 
ways, and for the improvement of east and west street railway 
service through the business district, was another item in this 
program, on which construction work has not yet been started. 

The Period 1924-1928.—With the beginning of Mayor 
Kendrick’s administration in January, 1924, work was started on 
the assembling of a staff and the preparation of contract plans for 
subway construction, it having been determined to concentrate 
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efforts on the portion of the subway in Broad Street, with a goal 
of initial operation by the end of 1927. 

The attainment of this goal, or its near attainment, involved 
performances very far beyond anything heretofore accomplished 


FIG. 1. 
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in similar fields. It involved not only the design and construction 
of the four-track tube itself, but also the much more complex 
problems of designing, specifying and providing all of the equip- 
ment required to make up a subway railway complete in all 
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features, including track, cars, shops, power substations, power 
distribution system, signals, etc. 

The construction plans prepared in earlier years for other 
routings and other station locations were no longer applicable. 
Alignments, profiles, station locations, clearances, etc., had to be 
determined to meet the new conditions and new construction 
plans had to be prepared before contracts could be placed. On 
August 25, 1924, ground was broken in Broad Street under the 
first contract. In March, 1927, the 614 miles of four-track 
subway structure from City Hall to the yard and the yard grading 
and shop foundations had been completed, surface restoration 
work was far advanced, and track laying operations were well 
under way. 

In addition to supervising subway construction contracts 
totalling some $58,000,000, the department designed, prepared 
plans and specifications, and placed fifty-six contracts for other 
structures, permanent paving, and for equipment such as track, 
cars, signal and interlocking system, substation buildings and 
equipment, power-distribution facilities, inspection and repair 
. shops, administration building, station finish, etc., going to make 
up a subway railway system complete in all details. 

It 1s estimated that by the end of 1927 the expenditures on 
this work will have totalled about 92 per cent. of the total esti- 
mated cost of the work north of City Hall ready for initial 
operation. The completion of the power system, the finishing 
and equipping of the subway stations, the completion and testing 
of cars, the provision of shop tools and equipment, and the try- 
ing out and tuning up of the system as a whole are the control- 
ling elements in getting the North Broad Street subway ready for 
public use, and from present indications such completion will 
require about four months in 1928. 

The section of the Broad Street subway from City Hall to 
South Street, which will add very much to the Broad Street line 
by improved delivery service, improved terminal conditions, and 
relief of the City Hall Station, was placed under contract in 
August, 1927, and is now actively under construction. 

The estimated cost of constructing the Broad Street subway 
and equipping it for operation between South Street and Olney 
Avenue on a two-track basis is practically $100,000,000. 
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THE BROAD STREET LINE AND THE SUBWAY STRUCTURE. 


Some General Considerations and Their Application.—A 
four-track subway under city streets is a very costly right-of-way. 
The greater the number of people that can be carried through it 
in comfort and safety, the greater the potential benefit to the 
public in return for the expenditures made for tube and equip- 
ment. Station locations and arrangements making for easy and 
rapid movements to and from trains; car seating and door 
arrangements and equipment making for rapid loading and 
unloading ; alignment, profile and track arrangements, signals and 
other safety devices, car motors and brakes and couplers, ter- 
minal and yard connections, etc., making for frequency, rapidity 
and safety of train and car movements, are all features which 
have been planned and designed with the above principle in view. 

While some of these features can be modified from time to 
time as conditions change and the art progresses, material 
changes in those which affect the main subway structure are prac- 
tically precluded by reasons of cost as well as interference with 
use. The design must therefore make provision, not only for 
the near future, but must also envisage as far as possible the 
requirements and developments of a distant future. Alignment, 
profile, stations, track arrangement, and terminal facilities fall 
within the latter group. 

Considerations of this general nature supported the decision 
of the city in 1923 to make the Broad Street subway a four- 
track line to Olney Avenue, and guided the department in its 
designs, as for example, in the extensive construction north of 
Olney Avenue, in the yard connection under Grange Avenue, and 
in the layout of the yard and shops. Branches to the northeast 
and northwest are authorized, but not definitely located. In the 
structure as built, extra track spaces have been provided to a 
little beyond Grange Avenue for the extension of either or both 
pairs of tracks northward at any time, without disturbance of 
the existing structure or of the operation of trains therein, and 
of course without any grade-crossing movements. 

The Olney Avenue Station is the present northern terminal 
of the line, and with the Grange Avenue yard connection just 
north of it, it was necessary to provide for the greatest possible 
freedom of car and train movements incident to terminal opera- 
tions. The ultimate capacity of the subway will be largely fixed 
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by the number of trains that can be moved through this section. 
Extended investigation was made of many general plans, includ- 
ing double-deck and single-deck stations at Olney Avenue, two- 
platform and three-platform single-deck stations, six-track 
double-deck and three- and four-track single-deck yard connec- 
tions under Grange Avenue, etc. The plan finally adopted con- 
sists of a two-platform single-deck station at Olney Avenue, a 
four-track single-deck yard connection with complete separation 
of grades, and the extension features noted above, and is consid- 
ered to provide adequately not only for operation in the earlier 
years, but also for operations extended to the north and on the 
basis of the maximum capacity of a four-track tube. 

Just north of the Erie Avenue Station, where the subway 
profile is dropping to get under the Reading Company’s tracks, 
advantage was taken of the situation to provide a two-level struc- 
ture, whereby local trains can be turned back at this point without 
grade-crossing movements. This provision will enable a balanc- 
ing of service and traffic and added flexibility of operation. 

The two-track branch to Ridge Avenue has been provided 
for by a special six-track two-level construction enabling either 
express or local service to be diverted into Ridge Avenue, and 
with a complete separation of grades. The location of the Fair- 
mount Avenue Station at this intersection added to the size and 
complication of the resulting structure. 

Profile and Alignment.—The distance from City Hall to 
Olney Avenue is six miles, and in this distance there is a total 
rise in elevation of top of rail of 16714 feet. The maximum 
main line grade is 3 per cent. and the minimum centre line radius 
on main track is 200 feet. The maximum grade of the track in 
station areas 1s .3 of I per cent. The equipment has been 
designed so that the running time between these points will be 
about twenty-two minutes for local service, and about seventeen 
minutes for express service. 

The profile has been kept as near the surface as conditions 
would permit, in order to save cost and to add to public con- 
venience. Some controlling points which forced the profile down 
are at Walnut Street, Chestnut Street, City Hall and Filbert 
Street. where the Broad Street subway must pass under existing 
or authorized lines, and near Callowhill Street, Lehigh Avenue, 
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and Lycoming Street, where the subway must pass under rail- 
roads, which in turn cross Broad Street below grade. ; 

At Thompson, Dauphin, York and Clearfield Streets, and at 
Belfield Avenue, it was just possible to create space enough below 
the paving base to pass the subway structure over large intersect- 
ing sewers by extensive sewer reconstruction and some relocation. 
Rectangular sewer sections were used at the crossings, the floor 
of the subway forming the roof of the sewer. At Belfield 
Avenue, where provision was made for a 14-foot sewer and a 
16-foot sewer, ultimately to cross Broad Street at this point, the 
roof of the subway is practically the paving base, and all north 
and south underground structures must be located in the east or 
west shoulders of Broad Street until past this restriction. 

Standard Cross-section.—Broad Street is 69 feet between 
curbs and 113 feet between house lines. The overall width of the 
four-track structure is 57 feet at standard sections, widening 
out to 113 feet at and near stations. As shown in Fig. 2, the 
structure has a concrete invert, steel columns and roof beams 
spaced 5 feet 6 inches, with concrete jack arches forming the 
side walls and roof. The standard vertical clearance over the 
top of rail is 13 feet and the spacing of track centres is 13 feet. 
Subway clearances have been provided on the basis of cars 6714 
feet long, 10 feet wide, and 12 feet 3 inches high. Waterproof- 
ing, in general, has been restricted to the roof, where two 44-inch 
layers of asphalt mastic form a membrane protected by a 3-inch 
coating of lean concrete. Lateral drains are provided at frequent 
intervals to reduce accumulation of water along the subway walls, 
and longitudinal drains under the track carry all water to float- 
controlled electrically operated pumps installed at the five low 
points on the line. A duct bench along the outer wall forms a 
walk and together with the extra clearance afforded by the side- 
wall arches, offers a safety zone for trackman and others work- 
ing in the tube during operation. The main duct runs for power 
lines and other uses are outside of the subway, and in general on 
the subway roof. 

Subway Stations—There will be sixteen stations along 
Broad Street; two south, and thirteen north, of the City Hall 
Station; the average spacing outside of the delivery district being 
about one-half mile. The locations and spacings are shown on 
Fig. 3. Their determination involved a balancing of factors such 
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as spacing, intersecting street railway and bus lines, nearby rail- 
road stations, local traffic or business centres, underground con- 
ditions, and resulting profile. All station platforms are 550 feet 
long and will accommodate an eight-car train. 

The Walnut, City Hall, Race-Vine, and Spring Garden Street 
Stations in the delivery district, and the Girard Avenue, North 
Philadelphia, Erie Avenue and Olney Avenue Stations to the 
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Island platform—Lehigh Avenue-Glenwood Avenue (express) Station. 


north, are island-platform or express stations, serving all four 
tracks. The intervening stations are side-platform or local 
stations, serving only the two outer tracks. The island platforms, 
except at City Hall Station, have clear widths in the middle sec- 
tions of about 201⁄ feet, tapering off to between 13% and 18 
feet near the ends of the platform. Frequent stairways, averag- 
ing about 5% feet in width, have been provided to facilitate 
movement between the station platform and the mezzanine and 
particularly to reduce movements along the length of the plat- 
form. Liberal mezzanine areas have been provided for ease and 
flexibility of control and freedom of movement of traffic, for 
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operating rooms and for adequate toilet rooms and similar con- 
veniences for the public and for the operating staff. At impor- 
tant crosstown streets, where the profile is high and brings the 
roof of the mezzanine rather close to the surface, as at Erie 
Avenue, the mezzanine has been separated into two parts, in order 
to furnish liberal provision between them for future crossing of 
Broad Street at such points by major city or public utility 
structures. 

The width of side platforms varies from a minimum of 10 


FIG. 7. 


Side platform—Dauphin Street-Susquehanna Avenue (local) Station. 


feet for short sections near the ends of the platform, to from 
30 feet to 40 feet in the middle sections. The clear height from 
floor to the bottom of roof beams is in general about 8 feet for 
mezzanine, passageways and stair entrances, and g feet over 
platform areas. Street entrance stairs vary in width and num- 
ber per station, but in general are not less than 6 feet wide, are 
located in the sidewalk against the house line, and will be 
uncovered. In a number of instances, through coöperation of 
building owners, entrances have been secured through private 
property—back of the house line—thereby reducing encroach- 
ment on sidewalk areas and any resulting congestion of traffic. 
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In order to help secure brightness and cheerfulness in the 
subway stations, and to promote cleanliness and permanence of 
appearance, the side walls of entrance stair wells, passageways, 
mezzanines and side-platform stations will be finished in white 
tile, with colored tile borders and station name panels. The color 
scheme and pattern repeats every fifth station, and will quickly 
be quite an aid to the regular rider in locating his station. Ceil- 
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Sketch of station wall tiling. 


ings and subway side walls opposite island-platform stations are 
to be rubbed smooth and painted in a light color. 

Typical layouts of platforms, mezzanines, entrances, etc., are 
shown in Figs. 4 and 5, and typical platform views in Figs. 6 
and 7. A sketch of station wall tiling appears in Fig. 8. 

Railroads and Other Station Connections.—The North Phila- 
delphia subway station is centred on Somerset Street, with stair- 
ways at Lehigh Avenue, Somerset Street and Glenwood Avenue. 
A passageway 12 feet 6 inches wide, built on the subway roof, 
connects its north mezzanine with a passageway built by the 
Pennsylvania Railroad, leading directly to its North Philadelphia 
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Station. A like passageway has been built to connect the south 
mezzanine of the subway station with the Huntingdon Street 
Station of the Reading Company. The Reading Company has 
planned the construction of a new four-track railroad station at 
this point. 

A similarly constructed 14-foot wide passageway connects the 
Race Street mezzanine and intermediate subway entrances with 
mezzanine areas at Filbert Street, which in turn give a new and 


FIG. 10. 
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Study plan of underground concourse around City Hall. 


direct access to the City Hall Station of the Broad Street subway, 
the proposed Pennsylvania Railroad underground electrical 
suburban station, the authorized Filbert Street subway station, 
etc. This mezzanine area is designed and constructed so as to 
enable underground access to points south of City Hall, and to 
the Market Street subway of the Philadelphia Rapid Transit 
Company, if and when the latter subway line is carried straight 
through under City Hall and the suggested City Hall under- 
ground concourse is constructed. Its general arrangement 1s 
shown in Fig. 9. 

The City Hall Station and Concourse.—The structure of the 
City Hall Station of the Broad Street subway was completed 
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some years ago. The existing entrances, with the exception of 
the recently constructed connection to the Filbert Street mezza- 
nine just described, are all on the City Hall Plaza or in the 
courtyard, which means that all traffic to and from this station 
will have to cross the traffic flowing in the streets surrounding 
City Hall. This situation was caused by the lack of sufficient 
head room over the P. R. T. subway structures surrounding City 
Hall to permit the construction of underground passages leading 
to entrances on the far side of the streets involved. 

Following publication in the daily press early in 1924 of a 
proposal for an extensive system of underground concourses in 
the centre of the city, the Department of City Transit made a 
new study of the subsurface conditions surrounding City Hall 
and in a report to the mayor, which was published in May, 1924, 
presented a study plan of a solution (Fig. 10) and its advantages, 
general requirements and approximate cost. Briefly summarized, 
the report and plan provided for a concourse completely encircling 
City Hall and extending in Broad Street beyond Chestnut and 
Arch Streets, forming a direct underground connection between 
all of the existing and proposed subway and railroad stations in 
the general vicinity of City Hall, with entrances and exits through 
or convenient to large office buildings, etc. Such a concourse 
would aid materially in spreading and distributing underground 
traffic to and from the various existing and proposed railroad 
and subway stations in this section, thereby relieving the surface 
of a large portion of this traffic, and would also improve mate- 
rially the accessibility of the City Hall Station of the Broad 
Street subway. 

It was proposed to utilize for the section of the concourse 
encircling City Hall the structure now occupied by the subway 
loop of the Philadelphia Rapid Transit Company, except that on 
the Juniper Street side the concourse was planned to be in large 
part new construction over the present surface-subway line and 
station. The section in Broad Street consisted of passageways 
over the roof of the Broad Street subway. The project would 
involve both the city and the Philadelphia Rapid Transit Com- 
pany, as it would require extensive rearrangement of P. R. T. 
structures around City Hall and reconstruction in City Hall 
basement. 

The principal requirements are: 
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That the P. R. T. Market Street subway rapid transit tracks 
be carried straight through under City Hall instead of looping 
around City Hall as at present. 

That the P. R. T. surface-subway loop tracks be depressed 
from a point west of Fifteenth Street Station to approximately 
Juniper Street, passing under the Broad Street subway at the 
north and south intersections, instead of over it as at present. 

The straightening of the Market Street subway high-speed 
tracks would improve the service by decreasing the running time 
and would materially improve the operating conditions at this 
point. It would also permit the lengthening of the platforms 
of Thirteenth Street and Fifteenth Street Stations and increasing 
the width of the Fifteenth Street Station platforms. In addition 
to this, the changing of the subway-surface loop would give an 
opportunity to improve and enlarge the important station at 
Juniper Street. The principal drawback to the materialization 
of this project has undoubtedly been the large amount of con- 
struction or reconstruction which it involves and the consequent 
high cost, which was then estimated as approximately $6,000,000. 
The plan was received with much interest and approval, but has 
never been formally adopted. Nevertheless, the plans for the 
Broad Street subway have been made to conform with the gen- 
eral plan of the City Hall concourse and in some instances have 
anticipated certain of its features, both north and south of 
City Hall. 

A double crossover has been installed just north of City Hall 
Station to enable its use as a stub-end terminal until such time 
as the section to South Street is ready for operation. Initial 
operation ending at City Hall will impose traffic which will tax 
heavily the capacity of the existing platforms and internal stairs, 
etc., of City Hall Station. Modifications to mezzanine areas and 
connecting stairs, the widening and extension northward of the 
station platforms, their connection by large stairways to the mez- 
zanine area north of Filbert Street, and certain temporary stairs 
and platforms at the south end of the station have been made 
or are to be made under a station finish contract now advertised, 
and in our opinion will enable the expected traffic to be handled. 

The Walnut Street Station and Concourse. —A distinctive 
feature of the subway section now under construction south of 
City Hall is the provision of a mezzanine extending over the full 
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width of the subway structure from South Penn Square to practi- 
cally Spruce Street, as shown on Fig. 11. 

When placed in operation, the station between Walnut and 
Locust Streets will undoubtedly handle a very heavy traffic and 
will then materially relieve the heavy traffic which City Hall 
Station will have to carry during the period of its use as a tem- 
porary terminal during initial operation. The great importance 
of this station has been recognized and advantage taken of every 
opportunity to provide a facility of maximum capacity and con- 
venience. The importance of easy communication between the 
station areas of the Broad Street line and of the authorized 
Chestnut Street and Walnut Street lines which cross over it, and 
between the mezzanine area in Broad Street and the proposed 
low-level sidewalk in Chestnut Street, and between mezzanine 
and street through buildings, etc., were important factors recog- 
nized in developing our plans. Our design sought large capacity, 
ease and flexibility of traffic movements under ground, maximum 
number of entrances and exits through private property and flexi- 
bility in their location—to the greatest extent consistent with 
reasonable subway depths, profiles, provision for underground 
structures, suitable fare control areas, and resulting costs. 

As indicated above, the mezzanine area will be intersected at 
Walnut and at Chestnut Streets by the authorized east and west 
subways, and after the construction of these lines it will be neces- 
sary for persons desiring to move underground past these inter- 
sections to use stairways and underpassages of ample width 
located on either side of Broad Street just outside of the main 
subway walls. 

The project of providing a continuous passage unbroken at 
intersections by lowering the Broad Street subway and also the 
Chestnut and Walnut Street subways, as well as a project for a 
partial lowering of these lines to provide for overpassages at the 
intersections, was the subject of extended investigation and study 
by the department. Both schemes, in addition to involving added 
costs running into the millions, involved sacrifices of very desir- 
able elements such as one-level connections and ample control 
areas at Walnut and Chestnut Streets, not to mention practical 
defeat of the scheme of continuous sidewalk platforms in Chest- 
nut Street for some distance either side of Broad Street. 

The plan adopted places the Broad Street mezzanine at Walnut 
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Street at the platform level of the Walnut Street line, and at 
Chestnut Street at the level of the proposed sidewalks, and at 
South Penn Square at the level of the proposed City Hall Con- 
course. The side walls of the mezzanine have been planned to 
facilitate the construction of entrances through adjoining build- 
ings instead of through the sidewalk area, as well as the develop- 
ment, where conditions are favorable, of store entrances and 
show windows in the side walls of the mezzanine. The com- 
mercial development of space in the mezzanine is a matter of the 
future. Much interest has been expressed by property owners 
in this section in this feature of our plans and tentative agree- 
ments have been made covering a number of entrances through 
adjoining buildings. 

We are convinced that as designed, the subway south of City 
Hall will render the maximum all-around convenience to the pub- 
lic, including material relief of surface conditions, and of expected 
congestion at City Hall Station of the Broad Street subway, and 
will fit in with and furnish further relief in connection with the 
City Hall Concourse scheme if the city decides to construct it. 
City Hall Station will be further relieved when the authorized 
Ridge Avenue-Eighth Street branch is completed and put into 
service. 

Ventilation of the Subway. The comfort and, at times, the 
safety of the riding public demand an adequate and effective 
system of ventilating the subway. There must be air movements 
enough to maintain the “ freshness ” of the air in the subway to 
prevent excessive temperature rises during the summer months, 
and in case of smoke-producing accidents in the subway quickly 
to carry away the smoke in order to minimize panic conditions 
and other dangers due to lack of visibility. 

The widest experience in the solution of the ventilation prob- 
lem for high-level subways similar to Broad Street has been in 
connection with the development of the subway system in New 
York, and as in many other matters, the department naturally first 
turned to this source of information in starting its investigation 
and studies. Observations were made from time to time of air 
conditions in different sections reflecting the progressive develop- 
ment of New York practice and design, and data collected as to 
theory and practice and experience elsewhere in the solution of 
similar ventilating problems. 
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It was determined to rely upon natural ventilation, aided by 
the piston action of the trains, through sidewalk gratings of 
ample capacity, and in the deeper sections of the subway near 
City Hall to provide fan chambers so that if in later years it 
becomes necessary, the natural ventilation can be supplemented 
by mechanical ventilation. The provision of a diaphragm wall 
between the two middle tracks, for the purpose of increasing the 


Fic. 12. 


Typical ventilation wells under construction. 


piston action of the trains, was considered and the conclusion 
reached that it would not be needed for many years, with con- 
siderable doubt as to its ultimate necessity. If and when needed, 
it can readily be built. l 

Ventilation wells are provided of reinforced concrete con- 
struction, connecting openings in the side wall of the subway with 
sidewalk gratings located at the curb. A typical construction 
is shown in Fig. 12. The grating units are 4 feet wide and 5 feet 
long, arranged in banks of from three to six units, distributed 
as uniformly as underground and surface conditions would per- 
mit, and to the extent practicable with openings at all summits 
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and valleys. The grating area provided is in proportion to the 
air content of the subway structure, which varies from about 
740 cu. ft. per foot of length between stations, to about 1030 cu. 
ft. at local stations, and to about 1250 cu. ft. at express stations. 
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Ventilation well equipped as emergency exit. 


At and near station areas, I sq. ft. of net ventilation area was 

provided for every 750 cu. ft. of subway contents. This is in 

addition to the entrance stair openings. Between stations, the 

design was based on a ratio of 1 sq. ft. net area per 1000 cu. ft. 
Vol. 205, No. 1225—4 
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of subway contents. Between City Hall Station and Grange 
Avenue, there is an average of sixteen units in each side per 
square. Observations in the tube during the past year or so indi- 
cate very considerable air movements, and support our expecta- 
tions of unusually satisfactory air conditions in the subway. 

Ventilation openings at station platforms will be screened 
and fitted with louvers to prevent snow drift and street dirt, etc., 
from blowing through to the discomfort of passengers. On 
either side of the subway and about half-way between all stations, 
a modified ventilation well (Fig. 13) is equipped with stairs 
and a counterbalanced grating at the sidewalk so as to serve as 
an exit from the track level for passengers or as an entrance for 
rescue forces in case of emergency. The location of these exits 
will be indicated in the subway by lighted signs connected with the 
subway lighting system, which is on duplicate circuits with auto- 
matic throwover devices to guard against failure of one circuit. 
A fire alarm and telephone will be located at each emer- 
gency exit. 

CONSTRUCTION OF THE SUBWAY. 


General.—The general methods and practices which enabled 
the completion of 614 miles of four-track subway structure in 
considerably less than three years from the time of breaking 
ground under the first contract, and the conditions encountered 
and special features of design and construction, can only be out- 
lined in this presentation. 

This rapid completion of the tube has been a decided factor 
in reducing the total time required to complete and equip the 
line for initial operation. The size of the contracts, the com- 
pleteness of the bidding plans and specifications, the methods 
employed by the contractors, the speed and skill with which the 
work was carried on and completed well within the specified time, 
the provisions for minimizing the interference of construction 
with street use, and the work as a whole were the subject of 
widespread interest and favorable comment by outside contrac- 
tors, engineers and municipal officials. Many of the methods and 
practices developed here are now being employed elsewhere. 

Sise of Contracts——The many advantages of dividing the 
work into large sections, such as attracting the ablest and most 
experienced contracting firms as bidders and obtaining lower 
costs due to larger operations, were recognized, as was also the 
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fact that the size of the contracts might restrict the extent of 
competition in the bids. Proposals on the first and second sec- 
tions were requested on alternate bases, the work 
as a whole, and the work divided into subsections 
about 5000 feet in length. The first section was 
awarded to one contractor in two contracts total- 
ling $15,300,000. The second in a single contract 
of $14,300,000, the bidding showing an advan- 
tage on the single contract basis of $250,000. 
With this experience as a background, and also 
because of certain physical characteristics of the 
work, the remaining sections, between City Hall 
and Stiles Street and from Courtland Street to 
and including the yard, were advertised and let 
as single contracts with limits of $17,700,000 
and $12,300,000, respectively. The contract for 
the structure south of City Hall amounts to 
$8,100,000. 

Plans and Specifications——In the matter of 
plans, we determined upon a policy of making 
the drawings upon which bids were taken as 
complete as possible, so that they would in effect 
represent the actual working drawings and would 
portray correspondingly the work actually to be 
done. Provision for the temporary or perma- 
nent relocation of large water mains, the recon- 
struction, where necessary, of longitudinal or 
large intersecting sewers, and the special 
construction required at three points where 
the subway passed under railroads were 
worked out in detail and in cooperation 
with the departments or corporations con- 
cerned and embodied in the 
plans and included in the con- 
struction contracts. The steel 
drawings were detailed to such 
an extent as to enable the sub- 
contractors for this work to 
make an immediate start on 


. . Earth and rock excavation—subway north of 
the shop drawings and then Spruce Street and terminal yard. 
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the fabrication. The plans and specifications set forth fully the 
provisions to be made to take care of traffic and the limitations 
and otherwise in the matter of ramps, derrick structures, etc., 
necessary for construction purposes. Of course in the progress 
of the work some changes in the plans always become necessary, 
but we are convinced that the extra time and effort required to 
present to the bidders plans more detailed than had been our 
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Span method of bracing and decking support— McGovern. 


earlier practice were well worth while, and have had reflection 
in the unit prices bid and in the speed with which the work was 
carried on. 

Our purpose was to keep the roadway of Broad Street open 
for traffic to the maximum extent consistent with the necessities 
of construction methods available and their bearing upon the cost 
and speed of the work. The duration of an interference was 
considered, as well as its nature and extent. On the first and 
second sections, complete decking was required. Traffic counts 
made during the process of decking and from time to time indi- 
cated that reasonable restriction of the surface kept open for 
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Typical ramp— McGovern. 


FIG. 19. 
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Placing decking— Keystone. 
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traffic could be had without serious effect upon the public con- 
venience. A natural diversion of traffic to adjoining streets and 
other routes was experienced, and the barring of heavy traffic 
from the temporary street surface by ordinance further served to 
reduce the volume of traffic to be accommodated. As a result 
of this experience, and in order to keep down costs and enable 
quicker work, the specifications for the third section, extending 


Fic. 20. 


Placing decking— McGovern. 


into the business district, reserved for traffic purposes a 25-foot 
strip on each side of Broad Street, leaving to the contractor for 
his use and purposes a strip 19 feet wide in the centre of the 
street. On the fourth section at the extreme north end some 
special street conditions exist which made possible a still smaller 
reservation of street surface for vehicular uses, and in some 
portions enabled work to be done in open cut. 

On the section south of City Hall, the extremely heavy traffic 
conditions, both street and sidewalk, particularly between City 
Hall and Spruce Street, have been recognized in the portion of 
the specifications dealing with the methods of construction and 
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restoration. The purpose has been to minimize, as far as it is 
practicable to do so, the inconvenience and obstruction to prop- 
erty and business that to a certain extent is an inevitable result of 
work of this character and magnitude. 

The decking is to be laid in three longitudinal strips and in a 
sequence and subject to restrictions that are intended to localize 
and minimize the interference with traffic. Construction opera- 


FIG. 21. 


Placing decking south of City Hall—Heyman-Goodman. 


tions are to be confined to a fenced-in area in the centre of Broad 
Street, between intersecting streets, leaving a 24-foot driveway 
adjacent to each curb available for the free use of traffic. Under- 
pinning operations in Broad Street north of Spruce are to be 
carried on from beneath the decking and, in general, sidewalks 
will be decked and maintained in service for their full width. 
Similar requirements have been fixed for the placing of the 
backfill, the removal of the decking, and the placing of the 
temporary paving. 

The temporary and permanent relocation of gas mains in 
order to keep gas out of the trench was provided for under 
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separate contracts. Extensive relocation of large water mains 
in order to safeguard service as well as construction operations, 
and reconstruction of four large sewers crossing Broad Street, 
as well as the support, maintenance and protection of public utility 
structures and of buildings, etc., along the line of the work, were 
included in the general contracts, as were the temporary paving 


FIG. 22. 


Bracing and excavation in rock cut— McGovern. 


of granite blocks on a gravel base and the restoration of side- 
walks and other structures. 

The following figures and Fig. 14 will give an indication of 
the magnitude of the work between City Hall and the ter- 
minal yard: 


Subway excavation .............0000. 3,131,000 cu. yds. 
Concrete woes cava etar aenean 373,000 cu. yds. 
Structural steel ......... ccc ee ee cece 47,400 tons 


Methods of Construction—Much interest was aroused by 
the difference in the methods employed by the two contracting 
firms which carried on the work. The Keystone State Construc- 
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tion Company elected to proceed by decking the entire width of 
the cut, using the cross-bracing and posting method of timbering 
(Fig. 15) and carrying on the excavation work by hand tools 
under cover, spoil being carried by an industrial railway to fifteen 
shafts (Fig. 16) located about 600 feet apart, there hoisted to 
the surface and loaded from bins into trucks for disposal. On 
its later contract, similar methods were used, but with shafts 


FIG. 23. 


Bracing in rock cut—McGovern. 


placed closer together. The shaft structures span one-half the 
width of the roadway. 

Patrick McGovern, Inc., elected to first open and cover one- 
half of the street, supporting the decking on large “ I” beams 
spanning the trench, and bracing the sides of the excavation 
from the “I” beams (Fig. 17), thus keeping the trench prac- 
tically clear of obstructing timbering. Nine ramps (Fig. 18) 
were constructed about 900 feet apart, in the centre of the road- 
way, which enabled trucks to be driven from the street surface 
into the excavation, there loaded directly by air-operated shovels, 
and thence out again for disposal of the spoil. After the east 
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Erecting steel where span bracing was used— McGovern. 


g FIG. 25. 


Erecting steel where posts and cross-bracing were used—Keystone. 
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half of the section was well advanced, work was begun on the 
west side. 

The two methods of placing the decking and its support are 
shown in Figs. 19 and 20, and Fig. 21 shows a variant of 
the McGovern method being used by the Heyman-Goodman 
Company on the work south of City Hall. Figs. 22 and 23 
show excavation methods and bracing in a deep rock cut on the 
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Open cut method at Broad Street and Grange Avenue— McGovern. 


McGovern contract and Fig. 24 the erection of the steel beneath 
the temporary span bracing. Fig. 25 illustrates the condition 
under which steel is erected where the timbering and cross- 
bracing method of construction is employed. Fig. 26 shows 
some open cut work at Grange Avenue. Fig. 27 shows a traveller 
with roof forms used in concreting roof arches. Fig. 28 shows 
special roof bays at Pike Street to permit crossing of under- 
ground utilities. | 

The most burdensome features of subway construction from 
the public viewpoint arise from the operation of backfilling and 
the temporary paving. In general, thorough puddling and jetting 
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of the fill, supplemented by tamping under structures, etc., were 
relied upon to compact the fill, The temporary paving consisted 
of new dressed granite block, destined for later use in the perma- 
nent paving, laid on a gravel base. The difficulties of main- 
taining a reasonably smooth street surface, without paving 
foundation and on a green fill, under modern street loads, are 
obvious and necessitated considerable maintenance work. In 


FIG. 27. 


Traveller and roof forms used for concreting roof arches— McGovern. 


spite of a very high grade of “temporary” paving and main- 
tenance efforts, much criticism of the surface was encountered, 
with demands for early repaving. 

Settlement of the fill is inevitable, and permanent paving 
placed too soon would before long present an unsatisfactory 
street surface, with added maintenance requirements and earlier 
need of repaving, thereby creating further interferences with 
traffic and involving a wasteful use of public money. For these 
reasons, the permanent paving was not put down until the fill 
had had about a year to settle, the decision as to any section 
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depending upon the age, depth and character of the backfill, and 
the settlement readings made by us from month to month. The 
permanent paving consists of the dressed granite blocks, laid on 
an 8-inch concrete base, with a bituminous mastic filler, con- 
sidered the best type of paving for heavy loads on main highways. 
It has been completed from Callowhill Street to Clarkson Avenue, 
a distance of 28,160 feet, leaving only the relatively short sections 
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Depressed roof bays at Pike Street. 


at the northern and southern ends to be done next spring, by 
which time the deep fills in these sections are expected to be in 


proper condition. These permanent paving contracts totalled 
some $886,000. 


THE FERN ROCK YARD AND SHOPS. 


Adequate yard and shop facilities, conveniently located with 
reference to the line and with ample connections between yard 
and line, are essential features of the system, and determinations 
with respect to them have recognized the requirements of the 
future and their expected development. 
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The Yard and Shop Site.—The site selected for shops, car 
storage, etc., is bounded by Chew Street, Nedro Avenue, Marvine 
Street and the Reading right-of-way, and embraces an area of 
about 32 acres. Its nearness to Broad Street, the favorable 
topography, and the adjoining railroad made the site almost ideal. 
With the exception of a few houses on the northern front the 
tract was totally undeveloped, with no streets opened through it, 


FiG. 29. 


Deep fill—east end of terminal yard. 


although the confirmed street plan provided for five north-and- 
south streets and one east-and-west street running through the 
property. It was decided to divert Eleventh Street so as to skirt 
the western part of the tract, arrange the yard grades so that 
Ninth Street could be opened beneath the tracks as and when such 
opening becomes necessary, and to remove the others from the 
street plan. Fig. 29 shows the depth of the fill required towards 
the eastern end of the yard, which was made with spoil from 
subway excavations in Broad Street. 
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Terminal yard—general plan of track and buildings. 
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Initial and ultimate track plan—subway and yard connection. 
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The facilities provided in the yard area include: 


(1) The two Grange Avenue subway portals. 

(2) Inspection shop for the periodic inspection of all cars in service 
operating from this yard. 

(3) General repair shops for overhauling and repair of subway equipment 
and of all cars that may operate on the Broad Street subway, its future exten- 
sions, tributaries and connecting lines. 

(4) Open track storage for cars when not in use. 

(5) Storage buildings and yard space for materials used in maintenance of 
permanent way, buildings, station equipment, etc. 

(6) Steam railroad connection, for the receipt and shipment of freight. 


FIG. 32. 


North storage yard. 


Convenient and direct access to all storage tracks and to the 
inspection and repair shops is a prime requisite for effective 
terminal facilities, and was sought for in the planning. As in all 
similar developments, numerous yard and building layouts were 
considered. The plan selected divides the storage yard into two 
parts; one on the north side of the plot and one on the south 
side, each equally accessible to the subway through the portals. 
By this arrangement ample space was left between the two parts 
for the shop buildings and other necessary storage area. The 
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general plan of tracks and buildings is shown in Fig. 30, and Fig. 
31 shows the initial and ultimate track arrangement in the sub- 
way and in the yard connection under Grange Avenue. All car 
storage tracks are stub end, and service tracks are provided to 
connect the two yard sections, to provide access to the shop 
building, serve the material storage area and connect with the 
Reading Company tracks for freight delivery. Entrance for 
automobiles, trucks and other vehicles 1s made over a driveway 


FIG. 33. 


North portal at terminal yard. 


entering from Eleventh and Grange and encircling the repair 
shop, thereby avoiding crossing any tracks except the spurs enter- 
ing the repair shop. The yard areas will be lighted by floodlights 
on towers at the four corners of the yard. 

The ultimate development of the yard area, which has been 
kept free of all poles and overhead wires, will permit the storage 
of about 450 cars, provide inspection shop facilities for these 
cars, and general repair shop facilities for 600 cars and upward, 
depending on improvements in shopping methods and future 
extensions to the shop buildings. The initial track installation 
will provide storage track for about 165 cars. A view of the 
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north storage yard is shown in Fig. 32 and the portal arrange- 
ment in Figs. 33 and 34. 

The Shop Buildings.—Two main buildings have been pro- 
vided, the inspection shop for frequent periodic inspections and 
minor repairs, and the repair shop for general overhauling, 
requiring more or less dismantling of the mechanical and elec- 
trical equipment and painting of the cars. This general arrange- 


FIG. 34. 


North portal at terminal yard. 


ment is shown in Fig. 35, and exterior views in Figs. 36, 37 and 
38. The yard and shops are in a purely residential district and 
we endeavored by architectural treatment and finish to meet this 
situation. A suitable entrance building (Fig. 39) and steel and 
concrete fence around the yard will be in harmony with this aim. 

The usual frequency of inspection means that a substantial 
part, say from 8 to 12 per cent. of the total number of cars, will 
pass through the inspection shop each twenty-four hours. Maxi- 
mum service from the equipment demands the largest possible 
number of cars be made available for “rush hour ”’ periods and 
as inspections can usually be made in several h^urs, and if given 
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FIG. 36. 
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Repair and inspection shops and floodlight tower. 
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General view of terminal yard and shops, 
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proper facilities, can be made between such morning and evening 
rush periods either through the middle of the day or during the 
night. To this end the inspection shop has been made long 
enough to accommodate a full train and each track connected for 
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Architectural detail—inspection shop. 


entrance or exit at either end. It is not expected that during 


the first few years of operation train lengths will exceed six cars 
and the inspection shop has been built to accommodate trains of 
this length, with provision made for future extension to accom- 
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modate eight-car trains. Inspection tracks are spaced 18 feet 
between centre lines to provide ample working space between 
cars, and all tracks are built over pits, with the floor between 
tracks depressed one foot below head of rail. The few pieces 
of machinery required in this shop will be housed in a two-story 
addition along the south side, which will also provide for oil 
room, storage room, work benches, office space. and toilet and 
locker rooms for the men assigned to this building. 

The plan of the general repair shop embodies the use of a 


FIG. 39. 
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Entrance building—terminal yard. 


car transfer table to move cars into and out of the shop and to 
move cars and trucks to the various departments during the course 
of repairing, overhauling, and painting. The building is approxi- 
mately 360’ x 380’, with an “ L ” extension along the south side 
36’ x 160’. The transfer table travels across the entire width of 
the building, and sufficiently beyond each side for the connections 
to the yard tracks. The jacking shop, overhaul shop, car washing 
and paint shop, and spaces for miscellaneous repair work, are to 
the east of the transfer table, and the truck, forge and welding 
shops, etc., on the west side, and beyond these are the wheel, axle, 
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and machine shops with motor and armature departments on the 
second floor. A high overhead crane operating over a well will 
enable motors, etc., to be hoisted from the truck shop to the 
second floor, which is also served by a freight elevator. Twenty- 
ton cranes are provided in the jacking shop for lifting car bodies, 
and fifteen-ton cranes serve the truck shop tracks, with smaller 
cranes serving the machine shop floor and the electrical shop on 
the second floor. 

Ample storeroom facilities on the main floor and in the base- 


FIG. 40. 


Administration building at Broad Street and Grange Avenue. 


ment, together with the heating plant, are located in the extension 
of the main building, and provision has also been made for 
offices, locker and toilet rooms, first aid, etc., at convenient 
locations. 

The portion of the shop to the west of the transfer table is 
both the present and final development, due in part to the building 
arrangement selected and in part to the fact that the greater por- 
tion of the heavier machinery required for the maintenance of the 
initial equipment of cars will be sufficient to care for a very much 
larger number. Additional capacity in the jacking shop, over- 
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haul shop, paint shop, etc., can be provided when needed by 
extending the main building to the east. 

An administration building, to house the operating offices and 
provide for trainmen’s waiting room, etc., is located on the south- 
east corner of Broad Street and Grange Avenue. The exterior 
of this building is shown in Fig. 40. 


THE TRACK STRUCTURE. 


For initial operation two tracks, of standard gauge, are being 
installed between City Hall and Olney Avenue, with a double 
crossover located just north of City Hall in order to permit the 
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Typical cross-section of tangent track and roadbed. 


use of the City Hall Station as a stub-end terminal during this 
period, and with several crossovers just south of Olney Avenue 
for similar purposes. Provision has been made in the subway 
structure for emergency crossovers just north of Girard Avenue, 
Glenwood Avenue, and Erie Avenue. In order to provide the 
maximum flexibility of train movements and to avoid interfer- 
ence with operations later on, the complete system of tracks and 
special work has been installed through the Olney Avenue Station 
and through the yard connection to the portals. 

Types.—In selecting the type of track structure for the sub- 
way, the major characteristics sought for were: Safety of opera- 
tion; permanence of alignment and surface, and long life of the 
structure, in order to keep to a minimum the frequency of and 
average cost of maintenance and renewals; a construction that 
would facilitate keeping the subway floor in a clean and sanitary 
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condition ; and with due consideration of the costs of construction 
and operation. It was determined that a solid concrete track 
type, rather than the more usual ballasted type, best met the 
requirements. 

The type selected for tangent track, and this covers the major 
portion of the subway trackage, consists of ties partially embedded 
in concrete, as shown in cross-section in Fig. 41. This type was 
not considered advantageous for use under “ special work,” such 
as switches, frogs, crossings, and short radius curves. The 
greater wear and strains imposed on the track at such locations, 
with resulting necessity for comparatively frequent adjustment 
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Typical cross-section of track and roadbed—channel type. 


and renewals of portions of the structure, make it desirable to 
obtain a more positive anchorage of the track to its foundations 
and to so arrange the track elements that they may be adjusted 
or replaced at lesser cost and with less interference with the 
operation of the trains. In the type selected for this purpose, 
the ties are bolted to channels, which in turn are embedded in a 
concrete track floor, as shown in Fig. 42. The type selected for 
tangent track has a material advantage for that purpose because 
its lesser depth from top of rail to the bottom of the track struc- 
ture reduces the required depth of the subway tube, with a result- 
ing substantial reduction in construction costs. 

Ties —Long leaf southern yellow pine was selected for use 
as ties and a grade specified that would insure the best obtainable 
within reasonable limitations of cost. The rough sawn timber 
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was required to be air-seasoned for a period of not less than five 
months before being cut to length and dressed to prescribed 
dimensions. After cutting and dressing, holes were bored for 
screw spikes and tie bolts and the finished ties creosoted with 
five pounds of oil per cubic foot by the empty cell process. The 
creosoting was an added precaution to protect from decay the 
small amount of sap wood permitted by the specifications. 
The ties as secured contained over 90 per cent. heart wood. 
The ties are cut from 6” x 10” timber and surfaced to a 


FiG. 43. 


Method of bracing tangent track for concreting. 


uniform thickness of 534 inches. In the straight track type of 
construction, the ends of the ties are bevelled to form an anchor- 
age to the floor. Short ties (30 inches long) are used under 
each rail and spaced 2314 inches between centres with every fifth 
tie 9 feet long to engage both running rails and to provide sup- 
port for the conductor rail. In the channel type short ties are 
used throughout except where switches, frogs, crossings, etc., 
require the use of various greater lengths. 

Rail and Fittings—The rails used in the subway are one- 
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hundred pound A.S.C.E. section, sixty-two feet in length. This 
particular section was selected largely on account of its wide base 
as compared with the weight of the rail. This wide base, in con- 
junction with ties having a 10-inch face, gives sufficient tie bear- 
ing to justify the omission of tie plates. 

Screw spikes with cast-iron clips to engage the base of the 
rail are used throughout the subway and splice bars of a type 


FIG. 44. 


Method of concreting tangent track. 


recently developed and embodying the so-called “ head-free ” 
feature are used. 

Special Work.—The special track work, involving switches, 
frogs, crossings and curved rail, is of extremely rugged con- 
struction, following generally well-established practice for such 
work where subjected to heavy traffic. Cast manganese steel is 
used at practically all points of maximum wear and most of the 
switches in the subway are of a specially designed type which has 
given excellent service in the Market Street subway. 

All curves of short radius are protected with guard rails, and 
guard rails have also been installed at all other locations where a 
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tendency toward derailment might exist. The running rail in all 
special work is one-hundred pound A.S.C.E. rail, the same as the 
running rail in the straight track. 

Yard Track.—The nature of yard operations and the fact 
that the yard track is in the open reduced the importance of some 
of the characteristics sought for in the concrete type of construc- 
tion used in the subway, and led to the adoption of the ordinary 


FIG. 45. 


Completed tangent track. 


ballast type of construction for the yard track. The special track 
work at the western end of the yard, which is the part subjected 
to the greatest traffic, is ballasted with crushed stone. The 
remainder of the yard, including the straight track and the special 
work at the eastern end, being ballasted with cinders. 
Six-by-eight ties are used in the yard instead of the six-by-ten 
as used in the subway. They are of sawed yellow pine but of 
lower quality than used in the subway. On account of this lower 
grade and because they are exposed to all conditions of weather, 
they have been treated with ten pounds of creosote oil per cubic 
foot, applied by the full-cell process. Rail and fittings in the 
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yard are generally the same as in the subway, except that the 
rail 1s in standard lengths of 33 feet and screw spikes are used 
only at special work, cut spikes being used on the straight track. 
The special work in the yard is substantially the same as that in 
the subway except that the majority of switches, on account of 
the lesser number of car movements over them, are not manganese 
steel but of a cheaper type, considered more appropriate for the 
expected use and conditions. 

Construction of Subway Track—General.—It is obvious 
that the types of track selected for the subway call for extreme 
care and accuracy and for the highest grade of workmanship and — 
materials in construction, particularly as to alignment and surfac- 
ing and concreting. Once concreted, there is practically no possi- 
bility of adjusting line or surface. To meet this situation and to 
indicate the care and accuracy that would be demanded in the 
work, the track laying plans and specifications not only showed 
the desired results but also presented as a guide and standard 
a complete scheme of assembling, lining and surfacing the track 
and of holding it in position during concreting. The plan speci- 
fied, with some minor variations, was used by the contractor and 
produced the desired results. 

With the exception of the aggregate for the concrete, all track 
materials were taken into the subway through the portals and 
distributed by motor trucks. The aggregate was taken into the 
subway through certain temporary roof openings or through 
ventilation wells, and then trucked to the points of use. 

Construction of Tangent Track—Type.—In the straight track 
type the ties were placed on the subway floor approximately in 
proper position; the rails were then laid on top of the ties and 
splice bars and bolts installed, leaving the proper joint openings 
as prescribed for the prevailing temperature. The exact location 
of each tie was marked on the rail, after which the cast-iron 
clips were placed and the spikes driven by pneumatic spike-driving 
machines. A portable gasoline-driven compressor furnished the 
air power. 

The next operation included surfacing, lining and bracing the 
track preparatory to concreting. For this purpose twelve screw 
jacks were placed in pairs—one on each side of the track, at 
intervals of about fifteen feet. Steel bars placed under the rails, 
each resting on a pair of jacks, provided the means of raising 
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the track to proper surface, lengths of 6o to 75 feet being raised 
at one operation. After raising to proper grade the track was 
carefully aligned while supported on the steel bars. To hold the 
track thus surfaced and lined securely in position for concreting, 
precast concrete blocks of a depth about equal to the thickness 
of the track concrete were placed under each rail at intervals 
of 11 feet (two column spaces) and wooden wedges driven 


Fic. 46. 


Method of bracing channels for concreting. 


between these blocks and the base of the rail. Screw trench 
braces similarly spaced were used to secure the track against 
lateral movement by bracing against the adjacent steel columns. 
These braces were placed at a considerable angle from the hori- 
zontal and in this position resisted any tendency to “ float ” the 
track during concreting. Survey lines had of course been pre- 
viously established by carefully marking points for line and grade 
at close intervals. After the track had been braced as above, 
the screw jacks were removed, and forms placed for the con- 
crete. This operation is shown in Fig. 43. 
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The concrete mixer was operated in the track space adjacent 
to the track under construction, the mixer having a specially 
designed chute to permit manipulation between columns as the 
mixer was moved along to keep abreast of the work. The con- 
crete was a I-2-4 mix of sand and gravel with coarse aggregate 
limited to one inch maximum and mixed comparatively wet to 
insure complete filling under the ties. Special care was exercised 


FIG. 47. 


Concreting of channels completed. 


to secure this result. (Fig. 44.) After the concrete had received 
its initial set, all braces, wedges and forms were removed and the 
concrete surface finished. At the beginning the work progressed 
rather slowly, due to the need of “ironing out” various difficulties 
that were encountered, but as it got well under way it was possible 
to complete as much as goo feet of track per day of nine hours 
with one concrete mixer, and to make equal speed in the preceding 
operations of spiking, lining and surfacing. Fig. 45 shows a 
stretch of completed track. 

Constructing Channel Type.—In the channel type of construc- 
tion a different method of track assembly was necessary. The 
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channels were assembled on the subway floor as near as possible 
to their proper location, with joint splices and separators properly 
bolted. Six-by-six-inch temporary ties of varying lengths were 
laid across the top of the assembled channels and secured to them 
by means of hook bolts engaging the top flanges, the holes in the 
ties being so located as to hold the channels in their proper rela- 
tion to each other, the ties also serving to maintain the tops 
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Completed special work in place on channels. 


of all channels in the same plane, a very essential requirement. 
(Fig. 46.) 

The channels thus assembled were carefully surfaced and 
lined in much the same manner as the straight work and similarly 
supported and braced, except that the use of the precast concrete 
blocks was not necessary, the support being secured by driving 


wooden wedges between the floor and the bottom of channels.. 


Where curved track was involved, necessitating superelevation of 
the outer rail, such superelevation was provided in the channels 
so that a uniform depth of ties could be used throughout. The 
concrete was then placed to the finished floor grade, except the 
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portion between channels which forms the support for the ties. 
This was left 3 to 4 inches below grade until that surrounding 
the channels had taken its initial set, at which time the bracing 
and temporary ties were removed and then the remaining concrete 
was placed and carefully screeded to a surface exactly conforming 
with the top of channels. It may be well to say here that in this 
type of construction the channels are not for the support of the 
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Completed yard track, roadbed, and third rail. 


track, their principal function being to provide anchorage to keep 
the track from a vertical or lateral movement on its foundation, 
the concrete between channels forming the necessary support. 
(Fig. 47.) 

After the concrete had properly set, the exposed leg of the 
channels was painted and the ties distributed in their proper loca- 
tion and securely bolted to the channels, the bolts being placed 
head up with a special nut conforming with the channel flange. 
By this means any tie can be subsequently removed and replaced 
without removing the rail. The rails, switches, frogs, etc., were 
then placed on the ties, carefully lined and screw spiked. While, 
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in the straight track type construction all holes were prebored, 
in the channel type only the standard length short ties were pre- 
bored for tie bolts, all other holes, including those for screw 
spikes, being bored in place. Fig. 48 shows some completed 
special work. 

While the yard track construction did not involve any special 
methods, Fig. 49 shows its general features and appearance. 


POWER SUPPLY, CONVERSION, AND DISTRIBUTION. 


General Determinations. —The electrical features of the Broad 
Street subway include a wide range of equipment, beginning with 
the supply lines from existing power sources, and covering the 
conversion, distribution, and use of the power. 

In the selection of substation sizes and locations, the ultimate 
power taken by the trains was used as the basis of the determina- 
tions, since the power used by the trains constitutes by far the 
greatest portion of the total requirement. The ultimate rush- 
hour operation was assumed to consist of eight-car trains run- 
ning on two-minute headway on all four tracks, with northbound 
trains carrying an average load of 150 passengers per car 
(72,000 per hour) and southbound trains loaded to an average 
of thirty-five passengers per car. Since northbound trains will 
be running against the average grade, the evening rush hours 
are the hardest and these conditions were, therefore, used in 
determining the maximum substation loads. 

With the schedule outlined above, and assuming a loaded car 
weighing 66 tons accelerating at an average rate of 1.6 m.p.h. p.s. 
and braking at 2.0 m.p.h. p.s., train curves were drawn for an 
average run, using characteristic curves of standard motors of 
various sizes. The-results of these calculations fixed the motor 
requirements at approximately 400 h.p. per car, and because of 
the obvious advantages of large motors it was decided to use two 
210-h.p. motors on each car. While it would have been possible 
to equip one half the cars with four motors each and make the 
other half trailers, the operating advantages of having all cars 
motorized and the disadvantages of the necessarily heavier and 
more cumbersome control equipment required by four motors, 
were considered as sufficient to warrant the greater cost of the 
scheme selected. ' 

Having determined the proper motor size, continuous train 
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curves for northbound and southbound local and express trains 
were then drawn, assuming an average potential of 575 volts on 
the contact rail, and studies of various numbers and locations 
of substations were made from the power requirements as shown 
by these curves. 

Substation Spacing and Loads.—Past experience with a four- 
track subway rapid transit line, similar to Broad Street subway, 
has indicated that the feeder capacities and voltage drops during 
peak loads are within satisfactory limits when substations are 
spaced about two miles apart, and the results of the power require- 
ment studies for the Broad Street subway bore out this experi- 
ence. Considering the first section of the Broad Street subway, 
with a branch on Ridge Avenue, it appears logical to locate a 
substation near this junction point, and therefore the Mt. Vernon 
Street site was chosen. This substation will carry the load of 
two-track initial operation to City Hall (a distance of approxi- 
mately 4400 feet along Broad Street), and by the time traffic 
requires four-track operation through City Hall the subway will 
be extended to the Lombard-South Station and another sub- 
station will be located in the vicinity of South Street. 

The next substation to the north is located on Cumberland 
Street, approximately 10,000 feet along Broad Street from Mt. | 
Vernon Street, or approximately 10,600 feet between substations. 
The farthest north substation is on Louden Street, which is 
approximately 13,000 feet from Cumberland along Broad Street, 
or approximately 13,600 feet between substations. This station 
will feed the north section of the subway proper, and will also 
supply the Fern Rock Yard with D.C. power. 

The method used in calculating the loads on the substations 
made it possible not only to determine the load on each substation 
during the maximum hour, but also to compute the peak loads 
on each track during any five-second period, either assuming 
all trains exactly on schedule or assuming any trains five, ten, 
fifteen or any number of seconds (in multiples of five) behind 
schedule. Various “ off schedule ” combinations were tried, but 
it was finally decided to assume all trains exactly on schedule, 
but to assume that the peaks occurred simultaneously on all 
tracks; the improbability of the occurrence of the later condition 
giving sufficient margin over the calculated load to care for the 
possible actual five-second peak load. 
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The substation loads, as calculated by the above method, are 
as follows : i 


Max. Hr. Peak 

K.W. K.W 
Mt. Vernon ..............-0000- 9700 21,600 
Cumberland ............. 2.0008: 9200 21,700 
Louden 25 s4ea eet cade toga 9200 20,500 


Since the peak loads are something more than twice the 
maximum hour loads, and since the two-hour rating of synchro- 
nous converters is generally 150 per cent. of the continuous 
rating, it is evident that the requirements called for converters 
having at least a five-second rating of 300 per cent. of their 
continuous capacity. The converters installed have a continuous 
rating of 3000 k.w., with 150 per cent. for two hours, and 300 
per cent. for three minutes, the large capacity of the individual 
machines having been selected because of the greater power and 
space efficiency of the large sizes, being particularly important in 
these installations, owing to the value of the land upon which it 
was necessary to locate these substations and the cost of suit- 
able buildings. 

The number of converters to be installed in each substation 
for the ultimate capacity of the subway will be four. This num- 
ber includes one spare in each station. For the initial two-track 
operation two converters are installed in each substation, and 
these will easily take care of the estimated loads for the year 
1930, in which the schedule has been assumed as six-car trains 
operating on a two-minute headway. 

Power Supply.—Power for the operation of the Broad Street 
subway will be purchased from the Philadelphia Electric Com- 
pany at 13,200 volts, three-phase, 60 cycles. In order to mini- 
mize the possibility of a complete shut-down of the subway due 
to loss of power, each substation will be supplied direct from a 
different generating station and, since any two substations will be 
sufficient to enable trains to continue in operation at reduced 
speed, the chances of a complete shut-down from this cause are 
very remote. 

Substation No. 4, on Louden Street, will be fed from the 
Richmond generating station; Substation No. 5, on Cumberland 
Street, will be fed from the Hunting Park substation of the 
Philadelphia Electric Company, ultimately to be supplied from 
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Conowingo; and Substation No. 6, on Mt. Vernon Street, will be 
fed from the Delaware generating station. 

The power cables, both incoming and outgoing, are all in 
underground conduit, and the A.C. supply is, in all cases, carried 
over duplicate three-phase cables, either one of which is capable 
of carrying the normal two-track load. 

Substations and Equipment.—The locations of the substa- 
tions, in residential districts, made it imperative that features such 
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Louden Street substation. 


as noise or objectionable architecture be reduced to a minimum, 
and for this reason the architecture of the buildings is such that 
they would be a credit to any section, residential or otherwise. 
The noise is minimized by making the buildings entirely closed, 
except for the ventilating louvers, which are placed below the 
street level and through which cool air is drawn. The heated air 
is expelled through ventilators in the roof, the entire ventilation 
being due entirely to natural circulation of air. Another feature 
which will reduce the possibility of noise is the presence of air 
space in the walls of the substations. An exterior view of the 
Louden substation is shown in Fig. 50. 
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In the arrangement of the equipment in the substations, every 
effort has been made to make the best possible layout from the 
standpoint of safety and ease of operation, all power circuits being 
located below the level of the main floor. A cross-section of the 
Louden station is shown in Fig. 51, a plan of the main floor 
in Fig. 52 and a wiring diagram in Fig. 53. 
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Cross-section of Louden Street substation. 
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Each incoming A.C. cable is carried direct to disconnect 
switches, then through an oil circuit breaker to another discon- 
nect switch, and then to a 13,200-volt A.C. bus. Each trans- 
former is fed from this bus through disconnect switches and a 
main oil circuit breaker and a Star-delta starting switch. Bus 
bars from the transformer secondaries lead directly to the A.C. 
end of the synchronous converters. The D.C. ends of the con- 
verters are connected through a circuit breaker to a common 630- 


Jan., 1928. ] THE BROAD STREET SUBWAY. 81 


volt positive bus located in the basement directly below the 
converters. From this positive bus the contact rail feeder cir- 
cuits are carried, through feeder panels, to the feeder cables 
which leave the building at the side opposite to the incoming 
cables. | 

The converters, of which two are installed in each substation 
for initial operation, are rated at 3000 k.w., continuous load, 
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Plan of main floor of Louden Street substation. 


and are good for 150 per cent. load for two hours and 300 per 
cent. load for three minutes. Two of these units are shown in 
Fig. 54.’ They are compound wound, 6o-cycle machines and are 
the largest 60-cycle converters ever built. In addition to their 
size, they have another unusual feature in the armature windings. 
These windings are of the so-called “ frog-leg”’ type, which 
consists of a combination of lap and wave windings, thus eliminat- 
ing the necessity for cross-connections. The transformers sup- 
plying the converters are rated at 3150 k.v.a. at 13,800 volts and 
are three-phase, 60-cycle oil-cooled, the latter feature being a 
departure from the usual practice of using air-cooled transformers 
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in such installations. Fig. 55 shows one of these being lowered 
into place. 


Another unusual feature is the remote control of all switches 
in the power circuits. The operators will not handle any switches 
carrying train power current, as these switches are all located in 
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Wiring diagram— Louden Street substation. 


the basements and controlled from the switchboard on the 
main floor. 

Distribution.—Power is to be carried from the substations 
to the subway in underground conduits. For initial two-track 
operation there will be eight 2,000,000-C.M. cables in the positive 
side and six 2,000,000-C.M. cables in the negative side of the 
circuit from each substation; while for the ultimate four-track 
operation the number of these cables will be doubled. Switching 
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rooms are provided in Broad Street at the streets on which the 
substations are located, and the positive cables from the sub- 
stations are tied in with the contact rail through remote controlled 
circuit breakers located in these rooms, or in recesses in the 
subway retaining walls. 

From the switching rooms two 2,000,000-C.M. cables are 
run to each contact rail section. The contact rail is of the over- 


FIG. 54. 


Rotary converters—Louden Street substation. 


running type, 39 feet long, weighs 150 lb. per yard, and is made 
of soft steel having high conductivity. No feeders parallel to 
rails are used in either positive or negative circuits. Protection 
from the contact rails is obtained with a horizontal protecting 
board of the type generally used with the over-running rail. The 
rail is carried on porcelain insulators mounted on long ties located 
at 9-foot 9!4-inch intervals, and is anchored in the usual manner 
in approximately 1000-foot sections, with expansion joints sepa- 
rating the sections. (Fig. 49.) The bonding of this rail is 
accomplished by bolting on two solid copper fish-plates at each 
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joint and by welding adjoining rail heads. The copper fish- 
plates are then soldered to the webs of the adjoining rails. 

The negative or return circuit is entirely through the 62-foot, 
100-pound running rails. Each joint is bonded with two 
250,000-C.M. gas-welded bonds 13% inches long. Due to the 
short lengths of the running and contact rail bonds and the high 
electrical efficiency of the welded and soldered connections to the 


FIG. 55. 


Oil-cooled transformer—Louden Street substation. 


rails, the conductivity of the entire circuit approximates that of 
continuous rail, thereby reducing to a minimum the voltage drop 
with its consequent power loss, slower operation of trains, heating 
of motors and poor lighting in the cars. The tracks are cross- 
bonded at each passenger station, in addition to other cross- 
bonding through special work north of Olney Avenue. In normal 
operation all sectionalizing and equalizing switches are kept 
closed, thus tying the three substations solidly together through 
the contact rails. Sectionalizing joints are located at substation 
feed-ins, while equalizing points are located midway between 
feed-ins, at the portal, and at City Hall. The breakers located 
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at feed-in points are automatic opening, remote closing, 3000- 
ampere breakers. Thus they will open on an overload or short 
circuit, but cannot be closed except by a substation operator. 


THE SIGNAL SYSTEM FOR THE BROAD STREET SUBWAY. 


General_—The automatic block signalling and interlocking 
systems for the initial local track installation of the Broad Street 
subway are of the most modern type, both the apparatus and the 
installation being such as to give the highest degree of safety and 
reliability in high-speed subway service. 

The salient features of the signal installation are as follows: 
Alternating-current power at 60 cycles used for signals and inter- 
lockings; double rail track circuits, except at interlockings and 
in yard; overlap signal. control; automatic three-position, color- 
light signals; electro-pneumatic automatic train stops; semi- 
automatic electrically controlled block and interlocking signals ; 
non-automatic electrically controlled dwarf and permissive sig- 
nals; speed and time control signals; electro-pneumatic switch 
operating mechanism; impedance bonds and track connections: 
and interlocking machines and a yard switch control panel. 

Power Supply.—Electrical energy for the operation of the 
signal system will be supplied from the Mt. Vernon and Louden 
Street substations. The supply from the Louden Street substa- 
tion may be considered an emergency source of energy. Normally 
the energy will be taken from one set of feeders, but dupli- 
cate distribution cables are provided on either side of the subway 
structure and may be sectionalized at each substation. Automatic 
selector switches are provided at each 4600/110 volt distribution 
transformer location along the line so that in event of failure of a 
feeder or local transformer the signal load for the section will 
be automatically thrown over to the duplicate service, and auto- 
matically restored to the original source when that line is again 
energized. The signal power requirements for the ultimate four- 
track installation total about 65 k.v.a. 

Signals.—With first consideration for the safety of passen- 
gers, studies were made of roadway, signal equipment and train- 
operating characteristics, so that signals might be located to 
provide maximum train capacity of tracks. These elements 
included profile and alignment of roadway, location of stations 
and interlocking plants, acceleration and braking rates, speed time 


86 Henry E. EHLERS. IREI. 


and time distance curves and the normal and maximum attainable 
speeds for each run for the equipment to be operated, as well as 
the visibility of the signals and the simplicity of the scheme of 
aspects displayed by them. 

The signal locations or block spacings are laid out for eight- 
car trains operating on a two-minute headway, although the 
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Typical single arm automatic subway signal and impedance track bond. 


majority of spacings allow for somewhat less than one-and-a- 
half-minute headway, thus providing for a normal single-track 
capacity of approximately twenty-three eight-car trains on the 
line, operating at a round trip scheduled speed of 16% m.p.h. 
In every case the length of a block is 150 per cent. of the emer- 
gency braking distance required by the train, at the maximum 
speed which can be obtained at that point. 

The automatic signals (Fig. 56) are of the three-indication, 
color-light type, equipped with 53-inch lenses of green, yellow 
and red, and 14-volt, 5-watt lamps in duplicate. Home signals 
at interlocking plants consist of two-three indication subway 
style, color-light type, with the same lens and lamp equipment, 
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and displaying two or three lights in a vertical row to indicate 
which route is set up, and whether or not the track ahead is 
occupied. In all cases the caution control of a signal is carried 
in the two blocks in advance, so as to obtain “ overlap control ” 
providing for two red signals protecting the rear of a train at 
all times. Fig. 57 shows a double arm, interlocking signal, with 
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Double arm interlocking signal and permissive signal. 


the yellow permissive signal, used in locations such as Grange 
Avenue where operation is in both directions. 

Speed control signals have been placed on the southbound 
track south of Olney Avenue, where a long 3 per cent. down grade 
is encountered, on the southbound track leading off the upper 
deck at Erie Avenue to take care of a 31⁄2 per cent. grade, and 
at several other locations where curves make automatic speed 
control desirable. 

Automatic and semi-automatic train stops have been provided 
to operate in connection with every automatic block signal and 
with every interlocking home signal. The stops are of the trip 
type and are located on the left side of the track approximately 
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opposite the signal with which it operates. A trip arm extends 
21⁄4 inches above the top of the running rail when in the engaging 
position, which is when the signal is displaying its most restrictive 
aspect. When in this position the trip arm will engage a trip cock 
located on the main air line on the cars, thus causing an emer- 
gency application of the brakes of the train which passes the stop. 
A push-button switch within reach of the motorman’s cab is 
provided at each automatic stop, which is used to clear the trip 
arm when it is necessary for a train to pass a “stop ” signal. 
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The automatic stop is of the electro-pneumatic type (Fig. 58). 
Its operation is positive and in event of failure of electric or 
pneumatic power the trip arm assumes the engaging position, thus 
making the signal system safe. 

Track Circuits.—All track circuits are a full block long except 
where cut sections are required and within interlocking plant 
limits. Alternating current is supplied at one end of each track 
circuit, the limits of which are established by insulated joints in 
the rails, by a 14-volt air-cooled transformer equipped with taps 
to permit fine voltage adjustment. The track relay is of the two- 
element, two-position vane type. 
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Track connections are made through cables buried in the con- 
crete with leads connected to the rail lugs of impedance bonds. 
On double rail track circuit sections impedance bonds with an 
iron core are provided to carry the propulsion current around the 
insulated rail joints. These bonds have a continuous carrying 
capacity per rail of 750 amperes, 2000 amperes for ten minutes, 
or 5000 amperes for one minute. To avoid the use of a large 
number of impedance bonds on short track circuits at the large 
interlocking plants and in the terminal yard, only one rail is used 
for the propulsion current and the other is bonded and insulated 
for the signal track circuit. 

Signal control apparatus is housed in cast-iron boxes of 
2-, 4-, 6, or 12-relay capacity located in the vicinity of the sig- 
nal, controlled and connected to it by conductor cable in galvan- 
ized conduit. Signal control cables are run in a three-way duct 
bench on both sides of the subway. 

Switch Operating Mechanism in the Subway.—The switch 
operating mechanisms are of the electro-pneumatic type with 
electrically operated cut-off valves. Their operation is positive 
and a movement from normal to reverse can be made in 114 
seconds with air pressure as low as 75 per cent. of normal. A 
means of operating them by hand is provided for emergency. 
(Fig. 59.) 

Compressed Air Equipment.—Compressor plants are located 
at Fairmount Avenue, Erie Avenue, Olney Avenue, and the ter- 
minal yard portal, each having a capacity of 75 cu. ft. of air per 
minute, excepting the one at the yard, which has a capacity of 
100 cu. ft. per minute. All of these compressors are in duplicate 
and are driven by D.C. series wound motors designed to operate 
from the 630-volt contact rail circuit. Each plant is equipped 
with condensers, main reservoir, and switch panel containing a 
watthour meter, ammeter, voltmeter, air-pressure gauge and 
various switches. 

Interlocking Stations.—The interlocking machines are located 
at five stations along the line and at the yard portal. They are 
power machines and range in size from 7 levers to 75 levers. All 
of the machines, with the exception of that at City Hall, which is 
temporary, have been provided with sufficient spare space for 
ultimate four-track operation. 

The position of trains is indicated to the towerman on a 
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track model, located directly above the machine, by means of 
spot lights marking the sections of track within the plant limits 
and adjacent thereto. 

Mechanical locking is used in the machines and in addition 
to the mechanical locking, routes are controlled, interlocking 
levers are locked, and switches are locked electrically by a train 
in a given track circuit. 


FIG. 59. 


Electro-pneumatic switch operating mechanism. 


Terminal Yard Equipment.—In the terminal yard the track 
switches are electro-pneumatically operated and controlled from a 
tower in the yard entrance building. The switch mechanisms 
are not interlocked and depend upon air pressure to keep them in 
position. The control panel is equipped with spot-light indicators 
above each lever. Electrically lighted switch signals are provided 
to indicate the position of the switch and are controlled by a 
circuit controller which operates with the switch points. 

The wiring for the various controls 1s carried throughout the 
yard in treated trunking supported every seven feet on concrete 
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piers, which also carry the two-inch main air line. All apparatus 
is of the latest design for yard operation. 


CARS. 


Aims of Design—The 150 passenger cars being provided 
are designed to assure safety and to enable a superior standard 
of service and public convenience. The design is the result of 
an extended investigation and study of the local requirements 
and of car practice and experience on other subway or elevated 
systems, railroads and street railways, and a balancing of factors, 
such as seating capacity and arrangement, door capacity and 
arrangement, ease of movement between platform and seat, speed 
of loading and unloading, safety of passengers and crew, utili- 
zation of track capacity, etc., with due consideration of the effect 
of these features on the costs of investment and operation. The 
trend of practice and our investigations pointed towards the use 
of large cars, giving greater freedom in arranging convenient 
seating, fewer units, and lower costs per passenger carried, for 
crew, for power, and for maintenance. 

Seating and Door Arrangement.—As shown in Fig. 60, the 
car is 6714 feet long and 10 feet wide. On each side it has 
three double leaf doors, of ample size and evenly spaced relative 
to seats and spaces inside the car and relative to platform crowds 
on its exterior. The distance between side doors is 16 feet. 
Operating cabs are placed in diagonally opposite corners at each 
end, and end doors enable communication between cars. The 
absence of end platforms of any description is to be noted, as is 
also the extended use of cross-seats. There are seventy-five seats, 
of which fifty are cross-seats, arranged to give ample reservoir 
space near the doors, easy access to and from the seats and to 
and from the doors, with ample knee room, and an absence of 
narrow aisles and of facing seats. The total capacity of the car, 
on the basis of the usual rating of 2 sq. ft. of free floor space per 
standee, is 212, as compared with 134 and 152 on the Market 
Street subway and Frankford elevated cars, respectively. The 
latter cars have only longitudinal seats. ‘These features also help 
to give the car flexibility and adaptability to meet the fluctuation 
in load which will inevitably be imposed in operation, regardless 
of the standard of loading contemplated. | 
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Interior Features—A number of the interior features are 
shown in Fig. 61. The seats are the stationary spring cushion 
type, covered with rattan. Hand grabs on the ends of the cross- 
seats, hand straps suspended from the roof in front of the longi- 
tudinal seats, and stanchions located in front of the door openings 
will add to the comfort of the riders. Ventilation is provided 
for by means of adjustable shutters in the monitor sides, drop 
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Interior view of subway car. 


sash in the upper half of the windows, by panels in the end 
doors, and by five electric ceiling fans. Electric heaters are 
placed under the seats and are thermostatically controlled. The 
regular lighting system consists of twenty-two ceiling lights, 
45-watt series units, arranged in three rows along the centre and 
on either side of the car. Low-voltage emergency lighting units 
placed over each of the doors are supplied from a storage battery 
and are automatically lighted whenever the power supply from 
the main lighting units is interrupted or fails. Ample lighting, a 
white ceiling, and relatively light-colored side walls contribute 
to a cheerful looking interior. 
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Door Control.—The side doors are opened and closed by 
pneumatic equipment, electrically controlled from one of the cabs. 
In coöperation with the manufacturer, an arrangement has been 
developed enabling either single or multiple control of doors, 
depending upon the setting of a master switch in each cab. 
From an operating position in any one of the cabs, the doors 
on the same side of that car and of other cars to either side can be 


FIG. 62. 
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Exterior view of subway car showing automatic coupler and safety gates. 


opened and closed by manipulating two tumbler switches. Red 
lights on the exterior of the car body are lighted if any door on 
that car is open, and a signal light in the motorman’s cab shines 
only when all doors on the train are closed. Another special 
device enables the motorman, for example in case of overrunning 
a station platform, to nullify the door-operating circuits, pre- 
venting the guards from opening the doors, or if they have already 
been opened, closing them automatically. Push buttons on the 
outside of the car will enable platform men to close individual 
doors; key switches on the centre doors will enable the operating 
force to pass in or out easily when alone, and in case of failure 
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of air or electric supply, certain of the doors can be opened 
mechanically from the inside, and one of them from the roadbed. 
Considering the number of functions, the equipment as developed 
is relatively simple and largely composed of units tried out in 
similar services. The current necessary for operating the various 
relays, magnet valves, etc., is supplied by the same storage battery 
that supplies emergency lights, tail and marker lights, and other 
control circuits. All circuits—except those to the main motors— 


FIG. 63. 


Motor truck—side view. 


are fused and controlled at two switchboard panels built into the 
cab walls. 

Couplers, Trucks, Motors and Motor Control_—Passing to 
the exterior of the car, shown in Fig. 62, attention is directed to 
the fact that the guards do not “ ride the bumpers ” but operate 
from the cabs, which are equipped with special windows, grab 
handles, etc. Automatic couplers designed to couple the cars, 
the air lines and the electric train operating circuits, all of which 
are low-voltage circuits, have been installed. These couplers, 
together with the automatic safety gates between the cars and 
the arrangement and location of controls, will enable coupling 
and uncoupling to be performed from a position in the motor- 
man’s cab on either side of the connection with the minimum 
labor and hazard. Coupling and uncoupling can also be per- 
formed from a position on the roadbed alongside of the car. 

The trucks are four-wheeled, of the M.C.B. equalizing type, 
a motor truck and a trailer truck under each car, spaced 47 feet 
6-inch centres, giving a 10-foot end overhang. 
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The truck frames are one-piece steel castings, the wheels are 
solid rolled steel, and the bearings for the 5% x 10 journals are 
solid bronze of the A R E A type. Six of the cars are being 
equipped with roller bearings. 

The motor truck (Figs. 63 and 64) is equipped with two 
210-h.p., 600-volt, field-control, axle-hung motors, driving 
through helical pinions and gears. A distinctive feature of the 
motors is the “ dual ” system of ventilation. One current of air 
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Motor truck—top view. 


enters the armature bearing housing at the commutator end, passes 
under the commutator, through the armature core longitudinally, 
and out through the fan at the back end of the motor. The other 
air current enters through openings in the frame back of the 
commutator, which is baffled from this air, through the air gap 
and between the field coils, and through the double-bladed fan and 
out at the back end. Thus none of the air passes over the com- 
mutator, and troubles due to dirt and brake shoe dust are avoided, 
and the wear of the brushes is decreased. 

Both the motors and the control equipment have been designed 
and built especially to enable rapid acceleration, rapid braking, 
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short stops, and high-schedule speeds, under the severe conditions 
of subway rapid transit service. The presence of considerable 
brake shoe dust in subways adds to the difficulties of meeting 
the requirements. 

Multiple-unit control, of the unit-switch type, has been pro- 
vided. A train can be operated from a master controller in any 
cab. The operation of the master controller establishes circuits 
through the train which cause the automatic operation of the main 
motor controls located on every car of the train. An air-operated 
sequence switch which actuates ten main motor control switches 
of the “ unit ” type, so called because each one is a complete unit 
consisting of contacts or jaws, shunt, blow-out coil, air cylinder, 
and an electrically operated air valve, produces the automatic 
acceleration. 

A safety feature is the so-called “dead man’s handle,” a 
device which automatically cuts off the power and causes an 
emergency application of the brakes if the motorman should 
become incapacitated while his controller handle is in any posi- 
tion other than “ neutral.” All trucks are equipped with clasp 
brakes, operated both mechanically and pneumatically from the 
same position of the operating handle, emergency application, and 
all other modern devices making for safety, positiveness of opera- 
tion, and smoothness of braking. 

Lightness—to the extent consistent with stiffness, safety and 
low maintenance—is an obvious advantage and considered to 
justify very careful design. The completed car, including all 
equipment, weighs 104,700 lb. An interesting structural feature 
of the car is the extended use of pressed-steel parts in the fram- 
ing and the diagonal bracing carried through the full length of 
the underframe to strengthen it against buckling loads. 

The motors, motor-control equipment, air-brake-operating 
equipment, door-operating equipment, automatic couplers, and 
roller bearings were bought under separate contracts requiring 
delivery to the car builder for assembling, mounting and adjust- 
ing on the cars. The cars, including all equipment, will cost a 
little less than $40,000 per car. 
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Smoke Studies. (United States Public Health Service.)— 
Smoke in the atmosphere, especially when combined with mist to 
produce fog, brings about a very great lowering of the daylight. At 
the present time a great loss of light results in large cities from the 
effect of smoke. A study of the decrease of light by smoke, now 
being made by the U. S. Public Health Service in New York City, 
at the lower end of Manhattan Island where the air is very smoky, 
showed an average loss of daylight due to smoke in January of 
1927, on sunny days, of 42 per cent. at 8 o'clock in the morning, and 
of 18 per cent. at noon. These amounts of loss of daylight decreased, 
as the year advanced, to 33 per cent. at 8 a.M., and 6 per cent. at 
noon, in June. These figures are for clear sunny days; for foggy 
days, the loss is much greater. The loss of light due to smoke in the 
atmosphere is greatest early in the morning or late in the afternoon, 
and least at noon. As would be expected, the loss of light is greater 
in the winter than in the summer. The figures given show the great 
importance of getting rid of smoke in our great cities. Loss of day- 
light or the light rays is not the only evil resulting from the presence 
of smoke in the atmosphere; smoke also cuts out to a much greater 
extent the ultra-violet rays which are so necessary for good health. 

The amount of light reaching us at different times of the day, 
at different times of the year, and under different conditions of 
weather is of interest. Illumination is measured in a unit called 
the foot-candle, one foot-candle being the illumination on a surface 
at a distance of one foot from a standard candle. Records of day- 
light in Washington, D. C., have been made since July, 1924, by the 
U. S. Public Health Service. These records show that at noon on 
a bright day in midsummer the illumination seldom exceeds ten 
thousand foot-candles. In mid-winter at noon on a bright day it 
seldom exceeds 3500 foot-candles. The difference in illumination 
on sunny and cloudy days is illustrated by the average illumination 
for such days in December, 1924, and in June, 1925. In December 
the average illumination on cloudy days was found to be about 23 
per cent. of that on sunny days. In June this ratio was about 26 
per cent. Great variations in daylight take place when small clouds 
pass over the face of the sun on a clear day. In such cases the light 
may fall from gooo, or more, foot-candles to 3000, or less, in one 
minute’s time, and return to the original amount during the succeed- 
ing minute. 

Large increases of light may be produced by the reflection of light 
from banks of white clouds to the north of the sun, and very great 
decreases by the heavy clouds of thunderstorms. 

Sunlight is of great interest and importance, since work in the 
office, shop, schoolroom or on the farm is performed under it; and 
the preservation of eyesight, the general health, and the prevention 
of accidents, throughout childhood and adult life, are largely depen- 
dent upon having plenty of sunlight both inside and outside the 
buildings in which we live and work. 


A MERCURY VAPOR TRAP OF LOW RESISTANCE. 
BY ` 
THOMAS H. JOHNSON, PhD. 


Bartol Research Fellow. 


nANTOL RESEARCH THE resistance of a tube to the flow of 
FOUNDATION gases at low pressure is given, according to 
Communication No. 20. Knudsen’s Law by 
b 


W =1.59 X ro yi y 73 ka ' (1) 
where M = molecular weight of the gas, 
l -- length of the tube, 
D = diameter of the tube, 
T = absolute temperature of the tube. 


The velocity of a pumping system composed of a pump of 
velocity S and a tube of resistance W is given by S’, where 
I I 
SS 
The importance of using short tubes of large diameter, where 
the full advantage of a high-velocity pump is desired, may be 
realized from the following example: Let S = 10,000 c.c. per sec., 
i.e., approximately the velocity of a Gaede Steel Diffusion Pump, 
and suppose a tube 3 cm. in diameter and 48 cm. long is joined in 
series with the pump; the resistance of such a tube for air is, 
from (1), 


+W. (2) 


I I 
10,000 C.C. per sec. 


W = 


Then according to (2) S’ = 5000 c.c. per sec., and the velocity 
of the system is only one-half of the velocity of the pump alone. 

It is apparent, therefore, that the ordinary type of mercury 
vapor trap, unless it be made from very large tubes, may seriously 
reduce the pumping velocity. Where high-velocity pumping 1s 
demanded, the mercury vapor trap shown in Fig. 1 has been 
found to give satisfactory results both in eliminating mercury 
vapor and in rapidly conducting the gas. The tube 4, which 
leads from the vessel to be evacuated, has its open end com- 
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pletely surrounded by the cup-shaped surface of the bulb B, 
which is filled with liquid air. No mercury molecules can pass 
into A from the tube C which joins to the pump, unless they 
are reflected from the cold surface or unless they make collisions 
with other molecules within the cup. It will be seen presently 


Fic. 1. 


that neither of these causes allows an appreciable amount of 
mercury vapor to pass the trap. 

The form of the trap shown in Fig. 1 is that which has been 
used with a Gaede Steel Diffusion Pump. The bulb B is inclined 
at about 45° with the vertical tube C so that mercury which drips 
from B falls back into the pump. The dimensions of this trap 
as indicated in the figure are such that the trap offers a very slight 
resistance to the flow of gas. 

Although no rigorous tests have been made as to the effective- 
ness of this particular trap in eliminating mercury vapor, such 
tests were carried out on another slightly smaller trap of similar 
design which was used in conjunction with a glass diffusion 
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pump. With this trap the pressure of mercury vapor was less 
than 10° mm. as measured by an ionization gauge and no change 
in pressure was observed when a second trap of.the usual design, 
which was joined in series, was immersed in Hqu‘d air. 

The mercury coating which forms on the bulb B acts as an 
effective radiation shield so that liquid air will remain in che bulb 
for three or four hours without replenishing. 
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A New Determinaticn ‘of. the Half-value Period of Proto- 
actinium. Orro Hank aad E. WaLLING. (Naturwissenschaften, 
Sept. 30, 1927.)-—-Proto‘actinium with its three isotopes has the 
atomic number gr-and has for neighbors in the table of the elements 
thorium, 90, and’ uranium, 92. It merits particular interest because 
it shares with radium the distinction of being a radio-active element 
thet requires a long time to become spontaneously transformed to 


-the extent of half its mass into another element, and, therefore, of 


-^ o¢eurring on the earth in not too small quantities. Hann and 


en 


Meitner some years ago found its half-value period to be about 
12,000 years. In the present determination uranium nitrate was 
carefully freed from proto-actinium and placed aside for as much 
as four years so that this element might develop by radio-active 
processes. From four independent experiments supplemented by 
two of less value the half-value period is set at 20,000 years with 
a possible error of 10 per cent. A metric ton of uranium after it 
has reached a state of radio-active equilibrium with its progeny will 
contain 129 milligrams of proto-actinium. A ton of the residue from 
the Joachimsthal mines contains 185 mg. of this element. 


GOF.S:; 


Ix Nature (Nov. 5) is given the address on “Study and 
Research in Physics” delivered by Sir Ernest Rutherford at the 
opening of the Henry Herbert Wills Physics Laboratory of the 
University of Bristol. He emphasized the importance of research 
conducted for the extension of knowledge and without apparent 
direct relation to industrial problems. For illustration he employed 
the results that have followed from the study of the interesting but 
seemingly unimportant discharge of a gold-leaf electroscope when 
X-rays traverse the adjacent air. On the theoretical side came the 
discovery of the electron and the development of methods for investi- 
gating radio-activity and on the practical side the transmission of 
pictures to a distance, electric oscillators and receivers used in 
radio transmission. “ Apart from the interest and importance of 
adding to our knowledge of the processes of Nature, experience has 
shown that discoveries of the greatest significance to mankind, 
whether in the practical or intellectual sphere, are generally the 
outcome of fundamental research undertaken purely with the aim of 
adding to knowledge.” 

In the course of his discussion of the action of ionized gases 
he says, “I must also particularly mention the researches in recent 
years on the life-history of an ion, the avidity with which it seizes 
on the molecules of water added to a dry gas, and the still greater 
avidity for the heavy molecules of alcohol and the consequent slug- 
gish movements of the loaded ion. On this aspect of the almost 
human behavior of the gaseous ion, the researches of Professor 
Tyndall and his students have given us most valuable information.” 
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LOW-PRESSURE ELECTRIC DISCHARGE. 


BY 
C. DEL ROSARIO, M.S. 
Bartol Research Fellow. 


INTRODUCTION. 


BARTOL RESEARCH AT THE Philadelphia meeting of the Ameri- 

FOUNDATION = can Physical Society in December of 1926, the 
Communication No. 21. Writer reported experiments on the currents 
produced between a cylinder and a concentric platinum filament 
5x 10* cm. in diameter. A more detailed account of these 
experiments was subsequently published in the February, 1927, 
number of this JOURNAL. It was found that with a field of 
2x 10° volts per cm. at the surface of the filament, the current 
obtained in a vacuum of the order of 10% mm. Hg was less 
than 0.5 x 107° ampere. When air was admitted to a very 
slight extent, this current was greatly increased and reproducible 
current-voltage curves were obtained. 

As results of preliminary experiments with wires of different 
sizes, it was surmised at the time that the current to be obtained 
from a filament under the conditions of the experiment was deter- 
mined by the potential difference between the cylinder and the 
hlament rather than by the field at the surface of the filament. 
This would explain the fact that others who used smaller fields 
but thicker wires obtained larger currents, because in order to 
realize those fields it had been necessary to use higher poten- 
tial differences. 


EXPERIMENTAL METHODS. 


The experiment now to be described has extended the previous 
observations to four different sizes of wires ranging from 
16x 10% to 53 x 107% cm., with the result that the conelusion 
as to the dependence of the current upon the potential difference 
rather than the field has been strongly confirmed. 

The apparatus used in the investigation presents several 
improvements over the one previously used. Among these are 
the visibility of the entire filament and the inside surface of the 
cylinder, and the possibility of more completely outgassing the 
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metal parts. Fig. 1 shows two sections of the experimental tube. 
The nickel cylinder (1) is held by collars, (2) and (3), which are 
screwed on to tungsten leads as shown. The tungsten filament 
(4) is welded to two small nickel rods, (5) and (6), which rest in 
holes in bigger rods, (7) and (8), respectively. It can be readily 


seen that the filament has a freedom of motion in the plane con- _ 


taining the filament leads, while the cylinder has one in a perpen- 


Fic. I. 
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dicular plane through the cylinder leads. This feature renders it 
possible to make them accurately concentric. The coils of fine 
copper, (9) and (10), around the filament leads and the tin foils, 
(11) and (12), are all grounded and serve as guard rings to 
eliminate any leakage current through the glass from the high- 
potential cylinder leads to the filament leads. The filament may 
be removed and a new one put in through the top of the pyrex 
glass tube which can be readily blown out. The whole operation 
involves only the use of the small screws on the ends of rods, 
(7) and (8), and therefore does not disturb any previous 
adjustment. 


Pd 
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Extreme care was taken in cleaning all the parts of the 
apparatus, especially with regard to the elimination of alkaline 
impurities and grease. Chromic acid, aqua regia and distilled 
water were used for the glass parts and the tungsten filament. 
Alcohol was used for the other metal parts, and all parts were 
subsequently always handled with gloves. The experimental 
tube, the ionization gauge, and the two liquid-air traps in series 
were preliminarily outgassed in a hot-wire furnace at 400° C. for 
five hours. Then the liquid-air trap farther away from the tube 
was immersed in liquid air while the rest was baked for another 
five hours, at the end of which time the liquid air was transferred 
to the other trap—nearer the tube. The preliminary baking 
without liquid air serves to remove condensible material from the 
system and prevent its accumulation in the liquid-air traps where 
even at liquid-air temperature it may give rise to appreciable 
vapor pressure. The use of two liquid-air traps in the above 
way minimizes the diffusion of mercury vapor into the experi- 
mental tube. The cylinder was further outgassed by electronic 
bombardment from the tungsten spiral, (13). More complete 
outgassing of the filament could be effected by passing a current 
through it, and its temperature was calculated from Langmeir’s ? 
data, using the measured diameter and the current flowing. 

All measurements were made in vacuum of the order of 10% 
mm. Hg produced by two double-stage Kurth mercury diffusion 
pumps in series and backed up by a Cenco Hyvac oil pump. It 
should be noted that while a McLeod gauge was put in the 
vacuum system, it was only to detect large leaks or rapid evolu- 
tion of gases from the glass and metal parts. All tests of the 
degree of vacuum rested ultimately on the ionization gauge, 
which is of course sensitive to condensible vapors which would 
not record on the McLeod gauge. Nevertheless, it is of interest 
to remark that the McLeod gauge would sometimes show a 
“negative” pressure of 250 mm. Hg (a mercury column of 
250 mm. hanging from the top of the 0.8-mm. capillary), while 
the pumps were going, and a “ negative” pressure of 20 mm. a 
day after the tube, gauges and traps have been cut off from 
the pumps. The ionization gauge was of the Dushman-Found ? 
type, where the inner coil was made the source of electrons and 

* Phys. Rev., 7, 315, 1916. 

* Phys. Rev., 17, 7, 1921. 

Vol. 205, No. 1225—8 
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the cylinder the collector of positive ions. The constant k which 
appears in the formula p= k/,/J, was taken to be 0.23—p being 
the pressure in mm. Hg and J; and /,, the positive ion current 
and electron current, respectively, being expressed in the same 
unit. In using the ionization gauge it is desirable that the tem- 
perature of the hot filament be not too high, as otherwise the 
vapor pressure of the tungsten becomes appreciable. This tem- 
perature was never allowed to exceed 2300° K., so that the vapor 
pressure of tungsten was always less than 10779 mm. Hg during 
the pressure measurements. 

The high potential was obtained from a transformer and 
kenotron set with smoothing condensers which reduced the volt- 
age ripples to less than I per cent. for the worst case, t.e., when 
the maximum current was being drawn. The positive terminal 
was connected across a water resistance of about 10t ohms, to 
the cylinder through the upper tungsten lead, while the lower lead 
was connected to an improved Braun electrostatic voltmeter. This 
arrangement eliminated the possibility, due to bad contacts, of 
the existence of voltages at the cylinder different from that meas- 
ured with the voltmeter. The filament was grounded through a 
sensitive galvanometer or through a Rawson multimeter in case 
of higher currents. The variable galvanometer shunt and the 
wide-range multimeter made it possible to measure currents in a 
continuous range from 107!° amp. to 5 x 10* amp., which is the 
maximum used. 

DISCUSSION OF RESULTS. 


An interesting result also noted by some previous observers 
and of particular importance in the present experiments is that 
after the current reaches a given value the log current-voltage 
curve, subsequently obtained, will always retrace itself provided 
that this given current is not exceeded. If it 1s exceeded, a new 
retraceable curve is obtained which is parallel to the first but 
displaced towards higher voltages. In the experiments for the 
comparison of results with different wires, care was taken to 
insure that the maximum current was the same for all of the 
wires in addition to that taken to treat them as far as possible 
alike in the matter of outgassing, etc. 

It was shown that under these conditions the currents obtained 
depend upon the voltage rather than the field. This can best be 
shown by plotting the results of experiments with different wires 
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onthe same graph. (Fig. 2.) The points represented by ©), M, 
©, and ® are for wires .0016, .0028, .0045 and .0053 cm. 
in diameter, respectively, all of which have been outgassed at 
400° C. for ten hours. The maximum current in each case was 
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5x10* amp. The points for the different wires fall on the same 
curve almost as well as do the points from one wire. 

The field E at the surface of the wire is given in terms of the 
potential difference V, the radius R of the cylinder and the 
radius r of the wire by the relation 


V 
E= —— p> (1) 


r log —- 
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Hence, if the current density depended entirely upon the field 
intensity at the surface, we should have 


1 
> = IE) 
where i is the current. Fig. 3 gives the values of log = for the 


different wires plotted against E as calculated from (1), and 


eA E 
HHH AREZANE 


LOG. (CURRENT IN AMP.+ RADIUS IN CM) 
l ` 


6 8 10 2 
ELECTRIC FIELD (VOLTS PER CM.) 


it will readily be seen that the results for different wires fall on 
different curves, showing quite definitely that in these experi- 
ments the current is not a function of the field alone. 

Fig. 4 shows the effect of more complete outgassing of the 
filament. Curve I corresponds to a filament baked simply in a 
hot-wire furnace at 400° C. for ten hours. Curve 2 is for the 
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same wire after it has been heated to 1400° C. for five minutes. 
It has been observed that the more complete the outgassing of 
. the filament, the farther the curve is displaced towards higher 
voltages with only a slight decrease of slope. 

Curves obtained while the filament is being heated show no 
appreciable effect due to temperature until thermionic emission 
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becomes appreciable. This is in agreement with results of some 
former experimenters. Beyond this stage the current becomes 
unsteady, but it is quite apparent that the total current is simply 
the sum of the “cold” current and the thermionic current. 

It has been observed in these experiments as well as by former 
investigators that when current is flowing between the wire and 
the cylinder, flashes of bluish light appear on the filament. These 
were sufficiently infrequent, except for large currents, so that each 
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flash could be recorded separately, and it becomes of interest to 
see whether the sudden spurts of current associated with these 
flashes were capable of accounting for an average current com- 
parable with the total current. In order to test this the filament 
was connected to a fibre electroscope which was grounded through 
a resistance sufficiently high to show the kicks to practically their 
full amount. The sudden kick of the fibre at each flash was 
noted and the total current due to them was found to be less 
than 3 per cent. of the total current. The light flashes corre- 
spond, of course, to local heating associated with a temperature 
which gives visible light. This raises the question as to whether 
there may not be a very much larger frequency of spurts due to 
thermionic emission at an effective temperature so high that its 
light is in the invisible region. Experiments are being designed 
to test this point, and also to test the importance of the X-rays 
emitted by the cylinder under electronic bombardment as a factor 
in the production of the observed currents. 

In conclusion, it 1s hardly necessary to state that it is not 
intended to maintain that the simple functional relation between 
current and potential difference would hold for wires of all sizes. 
A departure must make its appearance at some stage before inner 
cylinders of radius comparable with a centimetre are involved. 
Neither is it intended to imply that at fields very much higher 
than those used, the field itself may not be the main factor respon- 
sible for the production of current density. The present experi- 
ments are simply taken to indicate that under the conditions of 
the present experiments—conditions in which the vacuum was 
comparable with that used by former workers, and of the order 
of 10 mm. of mercury—the current density is not a function 
of the field alone for a given treatment of wire. 

The writer wishes to express his thanks to Doctor Swann for 
his valuable suggestions during the course of the work. 


NOTE ON A TENTATIVE HYPOTHESIS OF THE 
LATENT IMAGE. II.*+§ 


BY 
A. P. H. TRIVELLI. 
INTRODUCTION. 

In the paper preceding this 1 the idea was put forward that 
the formation of the latent image may be directly correlated with 
the phenomenon of photo-conductivity, whereas the photo-electric 
effect of Hallwachs plays no important part. This assumption 
was supported by the fact that immediately, without the introduc- 
tion of new hypotheses, a qualitative explanation could be given 
of the general behavior of the intermittency effect and of the 
failure of the reciprocity law. However, according to Wilson ? 
the Hallwachs’ photo-electric effect and the photo-conductivity 
are both in essence the same, the difference lying in the velocity 
of the liberated photo-electrons. For the theory of the latent 
image the slow-moving electrons, which do the work of photo- 
electrolysis, are of most importance, forming around a speck, as 
electrode, additional silver as a nucleus for development. 

This hypothesis left unanswered the fundamental question, 
as to how the elementary photo-electric current runs, which cur- 
rent, according to the requirements of the electrical theory of 
Maxwell, should be solenoidal. 


SENSITIVITY. 
Baker, as early as 1892,3 showed that pure silver chloride 
does not change at all in light. 
Weigert,* through his experimental investigations, came to 


* Communication No. 313 from the Kodak Research Laboratories. 

+ Presented in abstract at the Detroit meeting of the Am. Chem. Soc., 
Sept. 10, 1927. 

§ Since the present paper went to press a note by F. C. Toy appeared 
(Nature, Sept. 24, 1927, p. 441) which also sets forth a hypothesis of the 
latent image based on the photo-conductive property of the silver halides and 
of silver sulphide. One of the difficulties in the photo-electric conduction 
theory of the latent image has been the wave-length effect which has now 
been removed by the valuable work of Doctor Toy. 

* Jour. Frank. INST., 204, 649, November (1927). 

*W. Wilson, Ann. d. Phys., 23, 107 (1907). 

* H. B. Baker, Jour. Chem. Soc., 61, 728 (1892). 

*F. Weigert, Sitz. Ber. Preuss. Akad. Wiss., 641, July (1921). 
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the same conclusions, and regarded a silver speck in the silver 
halide as an autosensitizer. Even before this, Lüppo-Cramer * 
as a consequence of the results of his treatment of ripened photo- 
graphic plates with chromic acid solutions previous to exposure, 
concluded that during ripening a slight reduction of silver halide 
takes place, producing minute traces of colloidal silver, thus sup- 
porting Eder’s hypothesis that the high sensitive photographic 
plates contain “ Reifungskeime.” 

Renwick ° said, “ Considerations of these and other aspects 
of the problem have led me to the conclusion that in our most 
highly sensitive photographic plates we are dealing with crystal- 
line silver bromide in which besides gelatin some highly unstable 
form of colloidal silver exists in solid solution, and that it is this 
dissolved silver which first undergoes change on exposure to light. 
If this be so, it is clear that it is the function of the ripening 
process to produce this colloidal silver in the grains of the emul- 
sion in the most sensitive (resonant) form, while avoiding any 
means which might bring about its precipitation in the gel 
form—the gel or electrically neutral form of colloidal silver 
being regarded as the germ or catalyst required to promote 
development.” 

In a previous paper 7 the question was discussed as to why 
we have to regard the latent image as minute: amicroscopic specks 
distributed over the surface of the silver halide grains and why 
the formation of the latent image is considered to be intimately 
connected with the sensitivity, which in turn is believed to be 
due to the presence of still smaller specks having the same 
distribution. 

An entirely new phase in the evolution of theories about the 
formation of the latent image was introduced by Sheppard ° 
through his discovery of the action of traces of allylthiourea in 
gelatin on the sensitivity of photographic emulsions. He was 
able to give very strong evidence for the formation of minute 

*Lippo-Cramer, Phot. Mittetll, 328 (1909). 

*F. F. Renwick, J. Soc. Chem. Ind., 39, 156T (1920). 

1S. E. Sheppard, A. P. H. Trivelli and R. P. Loveland, Jour. FRANK. 
INST., 200, 51 (1925). 

tS. E. Sheppard, Coll. Symp. Monogr., 3, 76 (1925); Phot. J., 65, 380 
(1925). 


Jan., 1928.] THE LATENT IMAGE. 113 


specks of silver sulphide on the silver halide grains, which specks, 
it was postulated, increase the sensitivity by serving as concen- 
tration points for latent image formation.® The silver “ Rei- 
fungskeime” of the “silver germ” theory of sensitivity were 
replaced by the silver sulphide nuclei of the “ concentration speck 
theory.” In other words, it was regarded that the function of 
the silver sulphide specks was to serve as the centres around 
which the photochemically liberated silver atoms or ions 
might collect. 

E. P. Wightman and R. F. Quirk, at the American Chemical 
Society meeting, September, 1926, stated 1° in their second paper 
on “ Intensification of the Latent Image on Photographic Plates 
and Films ” that they believed that the sensitivity spots contain 
some Ag in addition to the Ag,S. 

Clark’s independent experiments 71 on the action of oxidizers 
on the sensitivity and latent image of high-speed plates and on 
colloidal silver sulphide in gelatin, support this view of Wightman 
and Quirk. He states, “ It appears, then, that the results obtained 
could be explained on the view that silver sulphide is present in 
the sensitivity substance, provided it is postulated that there is 
also present something—say, silver—which is attackable by oxi- 
dizers of potential too low to attack silver sulphide. There is, 
of course, no sure ground for postulating either of these two 
substances, but Sheppard’s results indicate the possibility of the 
presence of silver sulphide, and the view has long been held that 
the sensitivity is due to silver itself. If both are present the older 
and the newer theories can perhaps be reconciled.” 


THE ELEMENTARY PHOTO-ELECTRIC CURRENT. 
e 


Assuming that the explanations of Wightman and Quirk as 
to the action of hydrogen peroxide on high sensitive plates and 
of Clark as to the action of oxidizers on similar plates are correct, 
the former dealing with increase of developability, of the sensi- 
tivity, and of the latent image; the latter dealing with decrease in 
sensitivity, are right, both independently of each other having 


°S. E. Sheppard, A. P. H. Trivelli and R. P. Loveland, loc. cit. 
1 To be published shortly in the Jour. FRANK. Inst. 
u W. Clark, B. J., 74, 227, 243 (1927). 
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come to the same conclusion as to the composition of the sensi- 
tizing speck, then it is evident that we have to deal with the system 


oa. Ages 
/ AgBr N 


In this system an elementary photo-electric circuit is possible, 


Ag being the cathode, Ag S the anode, and AgBr the solid 
electrolyte, thus in this cell: 


= = + 
Ag | [ Ag, Br | | Ag:S 
S Ea 


the elementary electric current runs through the AgBr towards 
the Ag cathode, hence the Ag cations from the AgBr move 
toward the Ag cathode. The silver speck therefore increases in . 
size until developability is reached.!? 

The Probable Way in Which Silver Sulphide and Silver Are 
Formed in the Sensitizing Speck.—The art of making high sensi-. 
tive photographic emulsions may be regarded largely as the art 
of introducing certain impurities into the silver halide in the 
proper way. Sheppard in his previously mentioned work made 
it appear probable that silver sulphide specks are formed on the 
silver bromide crystals through a special sensitizer in the gelatin 
(allylthiourea). These specks appear to cause an increase not 
only in speed but also in gamma. The emulsion is kept for a 
shorter or longer time at a high temperature. During this 
so-called ripening process not only are the silver sulphide specks 
formed, but it is quite possible, as indicated above, that a slight 
reduction of the silver halide to silver takes place. It is likely 
that this reduction will take place on the weakest spots of the 
crystal lattice, where, for instance, impurities were introduced 
previously. Hence we should have the formation of specks of 
metallic silver at the boundary of silver sulphide and silver halide. 
It is supposed that as soon as a silver speck 1s formed in contact 


2 See paper shortly to be published by L. Silberstein in the Phil. Mag. on 
the “ Theory of Photographic Exposures.” 
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with the silver sulphide speck on the silver halide crystal surface 
an increase in sensitivity results. 

The Probable Picture of the Elementary Photo-electric Cell 
that Forms the Latent Image Speck from the Sensitivity Speck. 
—Turming back to Fig. 1, we see that silver will be deposited 
along the surface of contact on OB and the photo-electric cur- 


Fic. 1. 
A 
~ + 
Ag AOS 
p ~ 
B [Ag,Br] c 


rent will be a maximum near O and will decrease in strength the 
farther we go away from O. 

If we assume, for the sake of the argument and for illustra- 
tive purposes, that the silver sulphide speck has the shape of a 
disc in the silver bromide crystal and that somewhere attached 
to it is a semi-circular silver speck extending.out over the silver 
bromide crystal surface, then the photo-electric current will run 
in the direction shown in Fig. 2. In its passage from the triple 
point Ag-AgBr-Ag.S the field of the current takes a cardioid- 
like shape. The current being strongest at the triple point (the 
point O in Fig. 1), the greatest amount of silver will be deposited 
there and the silver will show a tendency gradually to envelop 
the whole silver sulphide speck, thus tending to isolate it from 
the silver bromide (Fig. 3). This means that the mass of photo- 
electrically deposited silver depends on the size of the silver 
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sulphide speck, which is in qualitative agreement with experi- 
mental evidence, that with an increasing amount of sensitizer in 
the gelatin an increasing sensitivity is possible until a certain 
maximum is reached. 

The whole photo-electric current circulates in the system Ag| 
AgBr|Ag,S, leaving the gelatin untouched. This agrees with 
experimental investigations in this laboratory that the water con- 
tent of the gelatin in high-speed photographic plates does not 


F1G. 2. 


show any appreciable influence on the speed in spite of the fact 
that the electric conductivity increases considerably as the gelatin 
becomes more moist. 

The Effect of Pre-exposure on the Results Obtained by 
Chromic Acid Treatment, and of Silver Sulphide as a Bromine 
Absorber.—Clark !3 found a difference in the resulting sensi- 
tivity when a high-speed photographic plate was treated with or 
without a preliminary flash exposure with a mixture of chromic 
acid and sulphuric acid, the former method producing a much 
lower sensitivity than the latter. This mixture dissolves silver 
rapidly, but attacks silver sulphide very slowly. The result is 
shown in Fig. 4. There is also a decrease in sensitivity of the 
same order as with preliminary flash exposure if the plate is 


8 W. Clark, Phot. J., 64, 91 (1924). 
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treated with such exposure with oxidizers of very high oxidation 
potential, which destroy silver sulphide. We have here a means 
of distinguishing by experimental investigation how the silver 
sulphide alone or the silver sulphide speck plus silver affects the 
photographic characteristics. 

Hickman ™* has shown that silver sulphide in contact with 
silver bromide is more or less destroyed by light action giving 


FIG. 3. 


silver in its place. In his theory it is the photochemically liber- 
ated bromine which produces the effect. 

Clark has given us a fairly definite proof of the existence of 
silver as well as of silver sulphide in the sensitizing specks in 
high-speed plates and both he and Hickman have dealt with 
important phases of the latent image formation. Neither, how- 
ever, has touched upon the mechanism of the light action itself. 
The above proposed hypothesis of latent image formation fur- 
nishes such a mechanism without the introduction of new assump- 
tions. It is not in conflict with the investigations of Clark and 
of Hickman, but is rather supplemented and to a certain extent 
supported by them. 

Silver Sulphide a Solid Electrolyte—Aside from the decom- 
position of silver sulphide by the chemical action of bromine 
liberated from the silver bromide, there is another phase of the 


“K. C. D. Hickman, Phot. J., 67, 34 (1927). 
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proposed mechanism, which has not yet been discussed. We 
know that silver sulphide is a solid electrolyte with the property 
of photo-conductivity, and that independently of whether or not 
it is photochemically light-sensitive 1* silver and sulphur should 
tend to be liberated as soon as an electric current passes through it. 

Recently C. Tubandt and M. Haedicke '® have made investi- 
gations concerning the electric conductivity of silver sulphide and 
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these are in agreement with previous work which showed that it 
behaves not as a metallic conductor, but as a solid electrolyte. 
in which only the cations move with the current. The photo- 
electric current going through the silver sulphide anode therefore 
dissociates the silver sulphide; the silver ions move towards the 
cathode, the sulphur ions remain where they were in what is left 
of the crystal lattice, only losing their electric charges. 

* Luppo-Cramer (Eder’s Jahrb., 17, 30 (1903) ) was not able to determine 
this. 

* Z. anorg. Chem., 160, 297 (1927). 
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The flash exposure preliminary to chromic acid treatment, 
according to Hickman’s and the present hypothesis, lessens the 
amount of silver sulphide in the speck both by the chemical action 
of bromine, and by the electrolytic decomposition of the silver 
sulphide; and the silver set free in each case, as well as that 
already present, is dissolved by the chromic acid. Without the 
flash exposure the silver sulphide portion of the speck retains 
practically its original size after the chromic acid treatment and 
hence the sensitivity is greater than in the first case. 


COLOR SENSITIVITY. 


Luppo-Cramer’s and Eder’s '? observations of the color sensi- 
tivity of photographic emulsions which contain adsorbed colloidal 
silver require consideration in connection with this hypothesis. 
Some high-speed photographic emulsions prepared in the ordinary 
way possess a slight sensitiveness to red rays, sometimes extend- 
ing through the yellow into the green.!8 Renwick '® supposes 
that this color sensitivity is due to colloidal silver. 

A similar phenomenon is the Becquerel effect which consists 
in the production of a long wave-length (red, yellow) sensitivity 
through exposure to light of shorter wave-lengths (blue, violet, 
ultra-violet) and which probably is also due to (the photochemical 
formation of) colloidal silver on or in the silver bromide (photo- 
halide) during the first exposure. 

Another case of color sensitivity was discovered by E. R. 
Bullock.2° It is believed that silver sulphide specks are formed 
on silver halide grains by treating a photographic emulsion with 
very dilute sodium thiosulphate solutions. When such treatment 
is given a strong sensitivity band appears in the extreme red 
and in the infra-red. 

We have therefore a dual behavior in the sensitizing action 
of silver specks and of silver sulphide specks. In one case they 
increase, we think, blue and violet sensitivity ; in another case they 
may behave as an optical sensitizer. 

In various publications concerning the concentration speck 
theory the statement was made that for the formation of the 
latent image the silver halide is to be regarded as the light- 

“J. M. Eder, Phot. Korresp., 46, 277, 346 (1909). 

2 Liippo-Cramer, Wissensch. Arbeiten, 107. 


* F, F. Renwick, J. Soc. Chem. Ind., 39, 156T (1920). 
æ Cf. S. E. Sheppard, B. J., 73, 33 (1926). 
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sensitive material. Color sensitivity through optical sensitizing 
has therefore to be explained by the color sensitivity of the sys- 
tem silver halide-optical sensitizer, the optical sensitizer or its 
combination with silver halide being an agent able to absorb wave- 
lengths for which the pure silver halide has very little, if any, 
sensitivity. 

The theory of the formation of the latent image here pre- 
sented is not able to explain the color sensitivity produced through 
the action of optical sensitizers without introducing a new hypoth- 
esis. We do not know whether or not it is possible to change 
the photo-conductivity of silver halide in other regions of the 
spectrum than in those usually affected through the adsorption 
of a suitable dye at the surface of the silver halide grain. This 
has to be investigated and is within the possibility of experi- 
mental control. For the moment we have to accept it as an addi- 
tional, quite plausible hypothesis. 

In other words, we can tentatively regard color sensitivity as 
produced by centres (dye particles) which absorb the light energy 
in other regions of the spectrum than those in which pure silver 
halide absorbs. These centres become excited and transfer their 
absorbed energy to the silver halide, which in turn liberates the 
electrons, which thus produces increased conductivity. 

To obtain color sensitivity it is believed that the dye speck has 
to lie so that a photo-electric field around the silver-silver sulphide 
speck can be produced by the light. By this assumption we can 
also explain the dual sensitizing action of silver, if we assume 
that it is possible that aside from the weak spots at which the 
silver-silver sulphide speck is formed on the surface of the silver 
halide grain, other weak spots where reduction may take place 
may be present; then if silver is formed or introduced at these 
spots, provided they are within the range of the circuit of the 
photo-electric current, they will increase sensitivity to wave- 
lengths longer than the blue. 

The same picture holds for the Becquerel effect. Instead of 
the reduction taking place by the action of the gelatin during 
ripening, the silver specks (colloidal silver) are formed by expo- 
sure. If photochemical reduction takes place at the edges of an 
isolated silver sulphide speck autosensitizing through the for- 
mation of a photo-electric circuit appears, and if this happens 
so quickly that there is no chance for the formation: of isolated 
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colloidal silver specks elsewhere on the silver halide surface no 
Becquerel effect will be obtained. But if colloidal silver specks 
do form on a number of isolated weak spots, it is assumed that 
the Becquerel effect will be noticeable only if these are able to 
form a photo-electric field with the system Ag}AgBr!Ag.S. 

Similar reasoning may be applied to the color sensitivity pro- 
duced by silver sulphide, t.e., the phenomenon investigated by 
Bullock. Bullock worked with high-speed plates. The silver 
sulphide specks were formed in a quite different way than with 
allylthiourea. If these silver sulphide specks are isolated in the 
silver bromide and are distributed in a highly dispersed state, 
and if a number of them lie in the range of the electric field pro- 
duced by light in the photo-electric cell, Ag|AgBr|Ag.S, color 
sensitivity may be produced. 

Some Remarks in Connection with Hickman’s Theory and the 
Concentration Speck Theory.—It is obvious in Hickman’s theory 
that the bromine absorption by silver sulphide can take place 
only at the interface between the solid electrolytes. The bromine 
does not move as an anion in the electric field, but can act imme- 
diately only when liberated at the interface, or more slowly 
by gradual diffusion to it. Even in the latter case the dimensions 
of the photo-electric cell are so minute that diffusion of the liber- 
ated bromine molecules towards the silver sulphide speck should 
not require very long. In accepting the photo-conduction theory 
of the latent image formation, therefore, one should not disregard 
Hickman’s theory. The concentration speck theory did not dis- 
tinguish sharply between the developability produced by the silver 
sulphide speck and by the silver speck in the silver bromide grain. 
Hickman drew a distinction between these, stating that the silver 
speck probably is more effective in causing developability than the 
silver sulphide speck. In the writer’s opinion this is an important 
point which should be investigated experimentally.”? 
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SUMMARY. 


(1) Based on the theoretical conclusions of Wightman and 
Quirk in their investigations on the action of hydrogen per- 
oxide on high-speed plates, and of Clark’s experiments on the 
action of oxidizers on sensitivity and latent image, which indicate 
that the sensitizing speck of high-speed photographic emulsions, 
as well as the latent image, probably consists of both silver and 
silver sulphide, a probable elementary photo-electric cell on the 
surface of the silver halide grains can be pictured. 

(2) A proposed mechanism of the action of this cell in pro- 
ducing sensitivity is described. 

(3) Assuming that optical sensitizing is due to an increase of 
the photo-conductivity for longer wave-lengths, a possible mechan- 
ism is given of how either certain dyes, or silver, or silvér sulphide 
could act as an optical sensitizer to increase the sensitivity of 
silver halide for wave-lengths longer than the blue. This mechan- 
ism is based upon the assumption that dye specks, or finely 
divided silver, or silver sulphide, lying in the field of the photo- 
electric cell, Ag!AgBr|Ag,S, increases its photo-conductivity 
above that of such a cell without one of these substances present, 
to wave-lengths longer than the blue. The range and intensity 
of the color sensitivity is dependent not only upon the absorption 
of light of given wave-lengths, but also upon the size and dis- 
tribution of the specks of impurity. 


NOTES FROM THE U. S. BUREAU OF STANDARDS,* 


COOPERATIVE WORK WITH FOREIGN LABORATORIES IN 
METHODS OF DETERMINING GASES IN METALS. 


For several years the bureau has been interested in the 
development of methods for determining gases in metals, par- 
ticularly in iron and steel. Recent work along this line has been 
the development of vacuum fusion methods of analysis and the 
comparison of these with earlier methods. 

While the role which may be played by the amounts of 
gases normally present in commercial irons and steels is not yet 
clearly defined, nevertheless it is quite general belief of inter- 
ested chemists and metallurgists that the gas content of iron 
and steel deserves some very careful study. The metallurgical 
laboratories of a number of American manufacturers have lately 
undertaken analyses for gases in metals. Similar methods of 
analysis are employed to some extent in England, Germany 
and Sweden. 

In order that the data on the gas content of metals, which 
presumably will be gathered by these various widely separated 
laboratories, might have some basis of intercomparison, it 
seemed very desirable that analyses should be made on samples 
of the same irons and steels by a number of these laboratories. 
This was all the more necessary because some of the methods 
of analysis in general use are comparatively new and their limi- 
tations may not as yet be fully recognized. The bureau dis- 
tributed samples of an ingot iron for gas analyses to Prof. 
C. H. Desch, of the University of Shefheld, Sheffield, England, 
to the late Prof. P. Oberhoffer, of the Institut für Eisenhütten- 
kunde, Aachen, Germany, and to a cooperating laboratory in 
Sweden. The results from the English and German labora- 
tories have just been reported. The analyses at Aachen were 
carried out by Doctor Hessenbruch after the death of Professor 
Oberhoffer. No results are as yet available from the Swedish 
laboratory. 

* Communicated by the Director. 
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The composition of the ingot iron distributed was as 
follows : 


° Per Cent. 
Carbon seinen a ESSE 0.04 
Manganese .........cccecceceececeees 03 
SUIDNUE: egress E arotar REDATE a .02 
SICON easa tee E eae ees .006 


The analyses at Sheffield were made by the hydrogen reduc- 
tion method, using a solid sample with the addition of an 
antimony-tin alloy. The analyses at Aachen were made by a 
vacuum fusion method, heating by high-frequency induction in 
a graphite crucible essentially as in the Bureau of Standards 
method described in Scientific Paper No. 514. The German 
method, however, differs from the bureau’s method in that the 
evolved gases are collected and determined volumetrically. The 
analyses at this bureau were carried out by the vacuum fusion 
method as regularly employed and as described in the above- 
mentioned scientific paper. The results obtained by the coöper- 
ating laboratories are as follows: 


Laboratory. 


Caeo Institut für Eisenhüttenkunde. Bureau of Standards. 


Type of Analytical Method. 
Hydrogen Reduc- 


Aa t Vacuum Fusion (Volumetric). Vacuum Fusion (Gravimetric). 
Addition). 
Oxygen. Oxygen. Hydrogen. Oxygen. Hydrogen. 
Per Cent. Per Cent. Per Cent. Per Cent. | Per Cent. 
0.056 0.055 0.0008 0.057 0.0005 
.057 .059 .0008 059 .0005 
O49 .062 .0007 .058 .0007 
O45: U “Sides! ‘bh “seeks 058 .0008 
B40 i sasse a ee er | DERAS 
OSE H asta A ae? ee 
Av... 051 059 | ,0008 038 | 0006 


For this particular class of material, an ingot iron, the two 
modifications of the vacuum fusion method give practically the 
same values for oxygen. The hydrogen-antimony-tin reduction 
method, using a solid sample, gave a value for oxygen but 
slightly lower. The average value for hydrogen was slightly 
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higher by the volumetric vacuum fusion method than by the 
gravimetric vacuum fusion method. 

Similar cooperative analyses of steels and cast irons seem 
desirable and steps have already been taken to initiate further 
cooperative work. 


PREPARATION AND ELECTRICAL PROPERTIES OF 
RUBBER HYDROCARBON. 


IN CONTINUATION of an investigation on the electrical prop- 
erties of rubber,’ a new method is being developed for the 
production of rubber hydrocarbon. 

Crude or natural gum rubber contains about 93 or 94 per 
cent. of the hydrocarbon to which it owes its characteristic 
properties; the remainder of the composition is made up of 
proteins and resins, each to the extent of 3 or 4 per cent., while 
inorganic salts and other constituents amount to a fraction of 
I per cent. Essentially the method of obtaining the hydrocar- 
bon consists in the removal of the non-hydrocarbon constituents 
from raw rubber in such a way as to leave the hydrocarbon 
itself in its original state, as nearly as this may be possible. 

Removal of the protein is accomplished by digesting crude 
rubber with water, or with a water-alcohol mixture, at an ele- 
vated temperature. In some experiments the digestion was 
carried out for ten hours at 185° C. Subsequent extraction 
with acetone removes the resins and also any residual protein 
hydrolysis products. A portion, though not all, of the salts are 
removed by the treatments with water and acetone. After the 
acetone extraction, the product is dried to constant weight. 

In appearance and consistency rubber hydrocarbon prepared 
by this process does not differ greatly from well-milled crude 
rubber. There is no indication of any marked change in the 
nature of the hydrocarbon from its state in the original crude 
rubber. 

Complete analysis of the rubber hydrocarbon has not yet been 
made. The fact that the material is colored is evidence of the 
presence of impurities, though perhaps in small amount. The 
nitrogen content of one lot of hydrocarbon was 0.02 per cent., 

*“ Density and Electrical Properties of Rubber-Sulphur Compounds,” H. L. 


Curtis, A. T. McPherson, and A. H. Scott. Scientific Papers of the Bureau 
of Standards No. 560, 1927. 
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the portion insoluble in benzene was 0.17 per cent., and the ash, 
0.08 per cent. The purity of the hydrocarbon is probably of the 
order of 9912 per cent. For present purposes, high purity is 
considered less essential than the preservation of the original 
molecular state of aggregation of the hydrocarbon. 

Rubber hydrocarbon undergoes vulcanization on heating with 
sulphur. Electrical test specimens have been made of compounds 
of rubber hydrocarbon with sulphur covering the entire range 
of composition from the hydrocarbon alone to hard rubber. 
Measurements of dielectric constant, power factor, and resistivity 
on two lots of hydrocarbon, one derived from pale crepe and the 
other from up-river Para rubber, gave practically identical results. 

The electrical properties of rubber hydrocarbon and its com- 
pounds with sulphur differ quite materially from the properties 
of raw rubber and its sulphur compounds. Specific data on the 
electrical properties are not available for publication at this time. 


NEW EQUIPMENT IN LENGTH SECTION. 


THE installation of equipment in the new underground com- 
parator and dividing engine room of the length measurement 
section has been completed. Active testing work in the new 
laboratory was started late in November. The calibration of a 
one-metre bar submitted several months ago has been nearly com- 
pleted, and observations made for a calibration of the bureau's 
laboratory meters. Definite arrangements have been completed 
for a program of line standard calibration which is very neces- 
sary. The work will be started at once. Another line of 
work involving circle graduation and calibration will also be 
commenced. 


FUNDAMENTAL STUDY OF GLAZE FIT. 


AN INVESTIGATION is being conducted at the Columbus branch 
of the bureau to determine the effect of the various oxides on 
the tensile strength, modulus of elasticity and coefficient of expan- 
sion of glazes. Factors applicable to the various oxides have 
been worked out for the modulus of elasticity and tensile strength 
of the glazes based on the batch compositions. 

The Fizean-Pulfrich method, which has been in use for a 
number of years at the bureau for the measurement of small 
dilatations, was used in determining the coefficient of linear 
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expansion of the glazes. The extreme sensitiveness of the inter- 
ferometer makes it possible to work with a small specimen of the 
material. The rods used in this work varied from 0.3 to 0.8 mm. 
in thickness. The small size of this apparatus simplifies the prob- 
lems of uniform heating and temperature control. The heating 
rate used in this work was 3° C. per minute. 

The coefficient of expansion has been determined on about 
75 per cent. of the glazes (95 have been melted and fired). It 
has been found necessary to heat the glazes to a critical tempera- 
ture betore determining the expansion behavior. This is neces- 
sary before a reproducible expansion curve can be obtained for 
the glazes. All of the rods were annealed before the physical 
properties were determined. The annealing temperature for the 
experimental glazes was found to vary from 315 to 725° C. 
depending upon the composition. 

The temperature expansion curves obtained for the glazes are 
not strictly linear, as the slope increases slightly with the tem- 
perature. The mean coefficient of linear expansion has been cal- 
culated and is found to vary from .0456 x 10% to .1581 x 10*. 
The former value is for a high magnesium glass, while the latter 
is for a high soda-potash glass. 

The values for the oxides seem to be arranged in about the 
following order: Na,O, K,O, BaO, PbO, B,O,, ZnO, CaO, 
FeO}, AlO}, MgO, SiO,. This arrangement is only tentative 
and probably will be found to vary in the different types of glazes. 
Thus the value for B,O, passes through a minimum at about 
20 per cent. in lead glazes. 

The chemical analysis of the glazes is about 40 per cent. com- 
pleted at present. It was found necessary to analyze the material 
rather than use the batch composition because of volatilization of 
constituents and reaction with the pots. 


CRACKING OF PAINT FILMS. 


THE paint section of the bureau has constructed apparatus 
tor determining when a paint, varnish, or bituminous coating on 
a metal panel has failed by cracking. Such failures cannot ordi- 
narily be seen with the naked eye unless the cracks are very bad. 

The operation of the apparatus follows: (1) A metal panel 
is coated on one side with the paint. (2) A set of headphones 
is connected in series with the back of the panel. (3) The 
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painted surface is stamped with a number of drops (50 in 
all) of a conducting solution prepared so as to wet the sur- 
face. (4) A voltage from an interrupted source is placed across 
the headphones and panel, and the circuit completed by touching 
the return wire to the drops. Ii there is a break in the paint film 
a loud buzz will be heard in the headphones. 

So far the results obtained by this method check with obser- 
vations made on the paint. — 


INCREASING THE DURABILITY OF UNITED STATES 
PAPER CURRENCY. 


THE investigation which the Bureau of Standards has been 
conducting in cooperation with the Bureau of Efficiency and the 
Bureau of Engraving and Printing with the object of increasing 
the life of United States paper currency was briefly described in 
Technical News Bulletin No. 109, May, 1926. This work is 
being actively continued. 

One of the most important facts discovered during the past 
year was that the strength imparted to currency paper by glue 
sizing is practically all destroyed in the processes used to print 
the paper. On the other hand, it was found that the basic 
strength of the paper, that is, the strength produced by the paper 
fibres, is not impaired by the printing. This has led the Treasury 
Department to adopt the type of paper developed by the Bureau 
of Standards as the standard currency paper, because the dis- 
tinctive feature of this paper is its high fibre strength. Another 
desirable characteristic of the paper is its lack of grain. It has a 
folding strength in the two principle directions of over 5000 
double folds. A study of commercial papers showed that the 
Bureau of Standards’ paper had no counterpart commercially. 
In view of this situation fine-paper manufacturers in general were 
asked to cooperate in commercial development of the new type of 
paper. Several concerns conducted paper-making experiments in 
their mills, following the bureau's paper-making procedure. 
Commercial papers were produced equal in strength and printing 
quality to those produced in a semi-commercial way in the Bureau 
of Standards’ mill. This showed that the paper-making proced- 
ure developed by the bureau is entirely feasible commercially. 
and therefore that the Treasury Department will not experience 
difficulty in obtaining the desired type of paper. 
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Additional problems in the paper manufacturing processes are 
being studied in the bureau’s mill. Results so far obtained in 
investigation of the relative merits of cotton and linen fibres indi- 
cate that a part of the expensive linen fibres can be replaced 
by the cheaper cotton fibres without material injury to the quality 
of the paper. Also it is believed that caustic soda is preferable 
to lime in cooking the paper-making rags, in respect to both 
strength of the paper and its printing quality. Additional glue 
surface-sizing data obtained indicate that formaldehyde is prefer- 
able in many respects as a preservative for the paper glue-sizing 
solution, to the more commonly used alum. 

It is estimated that these investigations have resulted so far 
in increasing the life of the paper currency over 40 per cent. 
It is believed that this figure will be further increased as addi- 
tional improvements are put into effect. 
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The Luminescence of Solid Nitrogen under Cathode-ray 
Bombardment. J. C. McLennan, H. J. C. IRETON and K. 
Tuomson. (Proc. Roy. Soc., A773.)—The significance of this 
paper lies in its relation to the origin of the famous green line in 
the spectrum of the aurora and of sky-light at night. The Norwegian 
physicist, Vegard, proposed a theory that required this line to be 
emitted by solid nitrogen in the upper air. At Leyden he bom- 
barded solid nitrogen with cathode rays and saw that it became 
brilliantly luminescent. He distinguished four bands in the spec- 
trum of the light thus obtained. One of them in the yellow-green 
covered a region of the spectrum that included the green line. He 
drew the conclusion that this line by his experiment as well as by 
his theory was due to solid nitrogen. In Toronto, McClennan and 
Shrum, having likewise subjected solid nitrogen to bombardment. 
failed to agree with Vegard on the origin of the green line. They 
were led to their conclusion by a study of the structure of Vegard’s 
band and by their having got from an electrical discharge in pure 
oxygen a line with exactly the same wave-length as the green line. 
Their results have been confirmed by other physicists. 

In one form of apparatus employed in the experiments described 
in this paper, nitrogen solidified on the walls of a bulb forming 
part of the tube in which the electrical discharge passed. Liquid 
hydrogen was maintained outside of the tube. The discharge from 
the cathode was directed upon the solid nitrogen. During the pas- 
sage of the discharge a wide yellow-green band was emitted by the 
nitrogen, the luminescent band. After the cessation of the discharge 
“an intense phosphorescence of the solid nitrogen was observable. 
Fine print could be read at a distance of 6 inches from the glowing 
bulb. The luminescent and phosphorescent bands appeared to come 
only from the form of solid nitrogen that existed below a certain 
temperature. When the hydrogen was allowed to evaporate the 
nitrogen warmed up slowly, and at a certain temperature a marked 
change in the appearance of the solid nitrogen occurred. Below this 
critical temperature it had an appearance like that of ice, but when 
the critical temperature was reached it suddenly changed to a pow- 
dery white form that fell off the upper parts of the bulb. This 
powdery form exhibited none of the luminescent effects which the 
ice-like form showed. The temperature at which this transformation 
takes place has been found bv other observers to be 35.5° K.” 

The structure of the nitrogen bands is shown in reproductions 
of photographs of the spectrum. It is even possible to furnish data 
on the moment of inertia of the molecular system emitting the 
bands. Certain bands found by Vegard, however, could not be 
obtained even with long exposure. G. F. S. 
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HETEROCHROMATIC PHOTOMETRY.’ 
By A. H. Taylor. 


TWELVE years ago Dr. H. E. Ives proposed a method for use 
in selecting observers for heterochromatic photometry when the 
ficker photometer is used. The procedure consisted of having 
each observer determine the relative transmission-factor of yellow 
and blue solutions when used to filter the light from carbon lamps 
operating at a definite efficiency. The concentrations of the solu- 
tions were so adjusted that an observer of average color vision 
obtained equal transmission-factors for the two solutions. 

A recent investigation has been carried out in this laboratory 
to determine the accuracy of results obtained by a flicker pho- 
tometer with a 3° flickering field surrounded by a uniformly 
bright field of constant intensity. Nine observers were used, each 
observer being tested first with the Ives’ solutions. Thirteen 
filters, about half of which were fairly saturated colors, were 
measured with the flicker photometer. The results for the various 
observers were then plotted to show the relation between the 


Integral Transmission- 


Flicker Factor Computed 


Filter. ol | tometer. 
ter Color. o tee onen ron a 
DR-ı | Darkred red | 11.92 12.54 
R-4 - Dark red 7.90 8.40 
MR-7 |! Medium red | 17.80 18.81 
R-2 ` Medium red 26.4 | 26.9 
OA-1 Orange-amber 38.4 | 38.2 
A-I Amber | 46.4 46.9 
BS-71 | Light yellow | 71.3 | 71.3 
LA-!I Light yellow 73.8 73.7 
B-1 | Light blue | 45.8 46.3 
LB-1 | Medium blue 11.42 11.39 
DG-1 Dark green | 9.02 8.94 
B-5 | Dark blue | 2.18 : 2.17 
DB-1 | Dark purplish-blue 0.230 0.165 


ag hs Se race a ee eh ee 
*Communicated by the Director. 
‘To be published in full in the Trans. Illum. Eng. Soc. 
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color sensitivity of the observer (as determined by the yellow and 
blue solutions) and the transmission-factor found for each filter. 
From the plots thus obtained the value for an “average” 
observer, as defined above, was scaled off, and this was the inte- 
gral transmission-factor assigned to each filter. Later the spectral 
transmission of each filter throughout the visible spectrum was 
measured, and the integral transmission-factor of each was com- 
puted by the use of normal visibility data which have been 
internationally adopted. The table compares the results obtained 
in these two ways. 


THE ABILITY OF THE EYE TO COMPENSATE FOR POOR 
VISUAL CONDITIONS. 


By P. W. Cobb and F. K. Moss. 


IF A visual task is done under two conditions, one favoring 
vision and the other making vision difficult, the result sometimes 
shows that the speed and accuracy of the work are about the 
same. The difficulties in vision have thus been offset by increased 
effort on the part of the worker, very much as one “ steps on the 
gas ” in driving a machine uphill. For this reason experimenta- 
tion often will not show the differences in the “ ease of vision ” 
which are probably present. Two experiments will be cited 
as examples: 

(a) The subject read a quantity of printed matter—first, 
with the reading matter held by a stationary rack and, second, 
with the rack vibrating. The subject expressed no doubt that the 
vibrating condition was the more difficult, still the measurement 
of the two rates of reading showed no difference. 

(b) A test was devised which required the subject to perform 
a triple task, including exacting visual work. The speed and 
accuracy of his work were measured. The test was applied under 
two different conditions: First, when the subject was in a rested 
condition and again after thirty minutes of exacting work with 
the eyes. The difference between the two test-results was slight, 
and indicated that the subject was capable of working slightly 
faster and more accurately after the thirty minutes of fatiguing 
work than before. The test was also repeated, using the normal 
work of the day instead of the thirty-minute period of extremely 
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difficult work, one measurement being made at the beginning 
and the other at the close of the work-day, and similar results 
were obtained. 

These experiments show the difficulty encountered in using 
the efficiency of work as a measure of visual fatigue. The effect 
to be determined is often obscured, principally by reason of the 
readiness with which the visual organs adapt themselves to widely 
different conditions even at the expense of greater strain and 
fatigue. 
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The Magneto-optical Effect and a Correction. ELIHU 
TuHomson. (Nature, Oct. 22, 1927.)—In 1921 Elihu Thomson 
called attention to the phenomenon, which he summarizes thus, 
“ A magnetic field produced by a direct current, permanent magnet, 
or by interruptions or alternations of current, is rendered visible even ` 
when very weak, by a light smoke from an iron arc; such fume or 
smoke being effective for the purpose even when so thin or diffused 
as to be scarcely noticeable in the air. Such smoke, diffused in the 
space where a field exists, when illuminated from above by sunlight 
or an artificial source and viewed in a direction across the light beam 
and more or less normal to the direction of the lines of force of 
the field, apparently becomes luminous, but in reality becomes a far 
better reflector diffuser in certain directions of the incident light 
than when the field lines are absent. Viewed along the magnetic 
lines, no increased luminosity is produced even when the field is 
strong or the illumination strong, or both. 

“The conditions for its observations seem to be: (1) Illumina- 
tion transverse (more or less) to the direction of the lines of the 
field. (2) Viewing in a direction more or less transverse to the 
lines of the field and to the direction of the incident light.” 

The contrast between what is seen with the magnetic field and 
without it is made much more distinct by using denser iron smoke. 
This consists of ferric oxide. “ The illumination from the smoke 
particles was found to be polarized as if produced by reflection from 
strings of fine particles, oriented in the direction of the field lines.” 

The author emphasizes the very small amount of smoke required 
for the detection of the effect and the promptness of the response 
to weak fields. If some smoke be caught in a glass flask this, when 
illuminated, shows flickering even at a distance of twelve feet from 
a coil traversed by a low-frequency current. When the flask is close 
to the coil there is no flickering but a steady illumination. By the 
use of the smoke the rotating fields produced by biphase, three-phase 
and polyphase currents have been made visible to the eye and subject 
to photographic registration. The illuminated iron smoke in a rotat- 
ing field displays a rotating glow. The author suggests several 
possible practical applications of the effect he describes. He corrects 
a former statement that with an alternating-current field the flicker- 
ing keeps step with the cycles. In fact, it is with the alternations that 
the flickering keeps time. The error was due to misinformation as 
to the number of cycles in an experiment. G. F. S. 
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THE FOG CORRECTION OF PHOTOGRAPHIC DENSITIES.’ 


A SENSITOMETRIC STUDY. 
By H. A. Pritchard. 


THE Wilsey fog correction, based on the assumption that 
the mass of silver developing as fog is proportional to the mass 
of silver unaffected by exposure, omits several factors which, 
unless the fog is small, have an appreciable effect. In the present 
work, experimental fog correction functions were obtained by a 
study of the growth of fog at long development times after image 
density has practically been completely developed. These gave 
more consistent sets of corrected sensitometric data than previous 
methods of fog correction. 

If image density was practically completely developed before 
fog reached a value of 0.5, the Wilsey method of fog correction 
appeared to give satisfactory results. 

The Bloch method of measuring fog in a small protected 
area in the centre of each density indicated that the influence of 
reaction products on development was practically negligible with 
the developer used (Elon-hydroquinone X-ray formula). 

By prolonged development, it was found possible to develop 
all the silver in the film as fog. The maximum fog density, how- 
ever, was considerably less than maximum image density. 

In the lower exposures, the reversal effect observed on positive 
flm at long development times was found to remain at complete 
development of all the silver in the film. 

The large variations in photometric equivalent are believed 
under extreme conditions to contribute considerably to the failure 
of the Wilsey fog correction. 

* Communicated by the Director. 

*Communication No. 310 from the Kodak Research Laboratories and pub- 
lished in Phot. J., 67, 447, 1927. 
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THE LOWER FATTY ACIDS OF COCONUT OIL. 
By E. R. Taylor and H. T. Clarke. 
A SYSTEMATIC fractionation of about 130 kg. of methyl esters 


of coconut oil acids has been carried out. The lower fatty acids 
have been found in the following percentages : 


Per Cent. 
Methyl caproate ......ess.ouosesessssesssss.e 0.47 
Methyl caprylate ............. cc cece eee ewes 8.0 
Methyl capitate: cscncinsdahe shone cent ieetukwak 5.7 
Methyl laurate ....... cc ccc cee cece eee eeeace 45.2 
Methyl myristate ...........cccccccccccnccces 16.5 
Higher esters . «.dsaacdex-d axwadasucadaaeee bears 23.4 


These results give definite information as to the quantitative 
distribution of the various lower acids in the original oil. The 
following acids have been isolated from the esters: Caproic acid, 
caprylic acid, capric acid, lauric acid, and myristic acid. 


AUTOMATIC SILVER RECOVERY FROM HYPO.’ 
By K. C. D. Hickman and D. E. Hyndman. 


OF THE many methods of treatment adequately described by 
Crabtree and Ross, those using zinc dust or sodium sulphide 
are the most popular. The hypo solution is permitted to accumu- 
late until the tank is full, reagents are added, and the desilvered 
hypo allowed to flow to waste after settling over night. 

The scheme described in the present paper uses the conven- 
tional sodium sulphide method but performs the operation contin- 
uously and automatically. Waste hypo is allowed to drop into a 
measuring vessel fitted with an automatic syphon which flushes at 
a predetermined head. During the flushing operation waste 
developer and sodium sulphide are sucked in and the mixture 
discharged into a reaction vessel. From here the solution and 
precipitate trickle slowly down a funnel to a settling tank. The 
precipitate collects as a thick brown sludge below the funnel and 
is drawn off into a bucket with a perforated bottom covered with 
absorbent cotton. The clear, desilvered hypo flows to waste from 
the top. 
3 Communication No. 311 from the Kodak Research Laboratories and 
published in J. Amer. Chem. Soc., 49, 2829, 1927. 

3? Communication No. 328 from the Kodak Research Laboratories and 
published in Bru. J. Phot., 74, 683, 1927. 
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PROTEINS OF SESAME SEED, SESAMUM INDICUM.’ 
By D. Breese Jones and C. E. F. Gersdorff. 


[ ABSTRACT. ] 


By extracting the oil-free meal of sesame seed with 10 per 
cent. sodium chloride solution, two globulins differing in precipi- 
tability with ammonium sulphate, in solubility, elementary com- 
position, and distribution of nitrogen were obtained. The 
a-globulin was obtained as crystals in the form of tetragonal 
bipyramids. The 8-globulin consisted of an amorphous, white 
powder. The meal contained approximately four times as much 
a-globulin as B-globulin. 

By heating sodium chloride extracts of the sesame meal to 
68° C. a coagulum (Fraction 1) containing over 42 per cent. 
of ash was obtained. The mineral constituents of ash consisted 
almost entirely of magnesium, phosphorus, sodium, and potas- 
sium. This coagulum contained 12 per cent. of nitrogen as calcu- 
lated on an ash- and moisture-free basis. It responded positively 
to the usual tests for proteins. 

The distribution of nitrogen in both the globulins and Frac- 
tion 1 was determined by the Van Slyke method; cystine, tyro- 
sine, and tryptophane were determined colorimetrically. 


THE IODIMETRIC EVALUATION OF METHYLENE BLUE.’ 
By Walter C. Holmes. 


[ ABSTRACT. ] 


IN THE precipitation of methylene blue by iodine solutions 
the presence of acid restricts the absorption of iodine by the dye, 
and the proportion of iodine taken up is dependent, primarily, 
upon the concentration of residual iodine in the solution. 

For accurate work the official method must be calibrated for 
variation in dye concentration. 


* Published in J. Biol. Chem., 75, 213-225, Oct., 1927. 
? Published in J. A. O. 4. C., 10, 505-507, Nov., 1927. 
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THE SPECTROPHOTOMETRIC DETECTION OF BORON’ 
By Walter C. Holmes. 


[ ABSTRACT. ] 


4 


MINUTE quantities of boron in solution are detected by the 
use of the spectrophotometer. The approximate boron content in 
the solutions tested ranged between one part in six million and 
one part in eighteen million. It is concluded that if duplicate or 
triplicate determinations are made with care, the test is adequate 
for the detection of one part of boron in twenty-five million parts 
of aqueous solution. 


* Published in J. 4. O. A. C., 10, 522-523, Nov., 1927. 


THE FRANKLIN INSTITUTE. 


(Proceedings of the Stated Meeting Held Wednesday, December 21, 1927.) 


THE stated monthly meeting of the Institute was called to order by the 
Vice-president, Walton Forstall, Esq., at eight-fifteen p.m. The Secretary 
announced that the minutes of the November meeting had been printed in 
full in the December number of the JouRNAL of the Institute, and therefore 
moved that they be approved as printed. The motion was seconded and unani- 
mously adopted. 

The Secretary announced that since the last meeting, eight new members 
had been added to the Institute, and two former members had been reinstated. 
He announced with sincere regret the death of five members and stated that 
proper citation of these deaths had been made in the JOURNAL. 

The Secretary made a statement concerning the Christmas Week Lectures 
to be given by Prof. Wilder D. Bancroft, and urged members and friends of 
the Institute to attend the lectures, but especially to induce young people 
to attend. 

This being the meeting at which nominations of officers and members of 
the Board of Managers for the ensuing year must be made, the Secretary pre- 
sented the following nominations which had been offered by various members: 


Office. Nominee. Term. Nominated by: 
President Dr. Wm. C. L. Eglin ı year Dr. Walton Clark 
Mr. Walton Forstall 
Vice-president Mr. Henry Howson 3 years Dr. W. F. G. Swann 
Dr. James Barnes 
Treasurer Mr. Benjamin Franklin I year Mr. W. H. Bristol 


Dr. G. A. Hoadley 
Board of 


Managers: Mr. Francis T. Chambers 
Mr. Morris L. Clothier 
Mr. Nathan Hayward 
Mr. Robert W. Lesley 
Mr. Marshall S. Morgan 
Mr. E. H. Sanborn 
Mr. S. T. Wagner 
Mr. J. T. Wallis 


Mr. Haseltine Smith 
3 years Mr. W. G. Littleton 
Mr. Frank H. Stewart 


The Chairman called for any additional nominations from the floor, and 
as none was offered, he declared the nominations closed, and stated that ballots 
would be submitted in advance of the January meeting, at which the elections 
will be held. 

The Secretary called to the attention of the meeting the fact that notice 
had been given to the Board of Managers in June of proposed amendments to 
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the By-Laws, having to do with the management of the Bartol Research Foun- 
dation. The requirement of the By-Laws of at least sixty days’ notice having 
been complied with, he presented the following suggested amendments, with the 
approval of the Board of Managers and the Bartol Research Foundation 
Committee : 


PROPOSED AMENDMENT TO THE BY-LAWS OF THE FRANKLIN INSTITUTE. 
ARTICLE V. Duties of Oficers. 
SECTION 3. Substitute for the last sentence the following: 


“He shall be ex-officio a member of the Board of Managers and of all 
standing committees of the Institute, and of the committees on Membership, 
Publications, and the Bartol Research Foundation of the Board of Managers. 
He may be appointed to membership in any of the other committees of the 
Board of Managers.” 


ARTICLE VII. Committees of the Board of Managers. 


For the fifth paragraph, dealing with the Bartol Research Foundation 
Committee, substitute the following: 


“The Bartol Research Foundation Committee shall have full charge of the 
activities of the Bartol Research Foundation. It shall appoint the Director of 
the Laboratories, the professional staff, and all persons engaged in research, 
subject to the approval of the Board of Managers of the Institute. It shall 
be composed of thirteen members: The President of the Institute, the Secretary 
of the Institute, and the Director of the Bartol Research Laboratories, who 
shall be ex-officio members of this Committee; four members of the Board 
of Managers appointed by the President, with the approval of the Board; 
and five members of the Institute not members of the Board of Managers, 
appointed by the President, with the approval of the Board. 

“ Advisory committees for any purpose may be appointed by the Presi- 
dent of the Institute, upon recommendation of the Bartol Research Founda- 
tion Committee. 

“ All questions of policy shall be in the control of the Bartol Research 
Foundation Committee, subject to the approval of the Board of Managers of 
the Institute. The details of the scientific activities of the Foundation shall be 
in the hands of the Director, who shall, however, report upon all matters to 
the Committee, as desired. 

“The Director of the Bartol Research Laboratories shall report to the 
Bartol Research Foundation Committee. All other employees of the Founda- 
tion shall report to the Director. The Committee shall have full power to 
carry out the purposes of the Foundation, subject to the approval of the Board 
of Managers. After each of its regular meetings, a report of its operations 
shall be made to the Board of Managers.” 

The Secretary moved that these amendments be approved. This motion 
was duly seconded and unanimously adopted. 

There being no further business, the Chairman of the evening very felici- 
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tously presented the speaker of the evening, William H. Bristol, Esq., of 
Waterbury, Conn., who spoke on “ Talking and Synchronized Motion Pictures,” 
before an audience which completely filled the lecture room. 

Mr. Bristol presented by means of lantern slides, mechanical models, and 
actually operating machines, the method of producing talking moving pictures 
which he had devised. He showed how synchronization could be produced, 
and then how by his method synchronization which had been lost could be 
restored without any interruption to the display of the film or of the sound. 

A recess was taken at nine-forty-five P.M. to enable those to leave who had 
to catch trains. Only a few left. The meeting continued until eleven-twenty, 
when it was adjourned by the Secretary, out of consideration for the weariness 
of Mr. Bristol and his operators. 

The whole demonstration was singularly effective and the meeting was 
pronounced enthusiastically a great success. 

A rising vote of thanks was taken at nine-forty-five, whereupon the audi- 
ence resumed their seats. The meeting finally adjourned at eleven-twenty. 


Howakp McCLENAHAN, 


Secretary. 


COMMITTEE ON SCIENCE AND THE ARTS. 


(Abstract of Proceedings of Stated Mecting Held Wednesday, 
December 7, 1927.) 


HALL OF THE COMMITTEE, 
PHILADELPHIA, December 7, 1927. 


Mr. M. M. Price in the Chair. 


The following report was presented for final action: 
No. 2876: Permalloy. 


The specific purpose of the invention of permalloy 1s to produce a mag- 
netic material having high permeability and low hysteresis loss for the low 
range of magnetizing forces used in the communication field. 

The initial permeability of permalloy and its permeability through the 
range of magnetizing forces up to .2 of a c.g.s. unit are greater than thirty 
times that of the best soft iron. 

Permalloy is produced by combining pure iron and nickel, the highest initial 
permeability being found when the metals are in the proportion of 21.5 per 
cent. of iron and 78.5 per cent. of nickel. 

The Elliott Cresson Medal was recommended to Mr. Gustaf W. Elmen, of 
the Bell Telephone Laboratories, New York, “in consideration of his extended 
researches in the magnetic characteristics of nickel-iron alloys resulting in the 
invention of permalloy, an alloy having high permeability and low hysteresis 
loss, and of its successful uses for the loading of submarine telegraph cables 
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to secure high-speed transmission, for the cores of loading coils and audio- 
frequency transformers.” 
The following reports were presented for first reading: 

No. 2872: Pendulum Hardness Tester. 

No. 2878: Work of Henry Ford. 

No. 2886 

and Franklin Medal. 
No. 2887 
Geo. A. HOADLEY, 
Secretary to Committee. 


MEMBERSHIP NOTES. 
ELECTIONS TO MEMBERSHIP. 


(Stated Meeting, Board of Managers, December 14, 1927.) 
RESIDENT. 


Dr. THEOopoRE K. CLEVELAND, Research Chemist, in care of U. G. I. Con- 
tracting Company, 319 Arch Street. For mailing: 115 North Fifty-second 
Street, Philadelphia, Penna. 

Mr. JosepH E. Gissons, Petroleum Technologist, Atlantic Refining Company, 
3144 Passyunk Avenue. For mailing: 2311 North Seventeenth Street, 
Philadelphia, Penna. 

Mr. Harry A. Gout, Electrical Engineer, Philadelphia Electric Company, 
1320 Wagner Avenue, Logan, Philadelphia, Penna. 

Mr. Frep B. KAuFMAN, Building Construction, 925 North Nineteenth Street, 
Philadelphia, Penna. 

Dr. PauL B. Taylor, Physicist, Victor Talking Machine Company, Camden, 
N. J. For mailing: 4520 Kingsessing Avenue, Philadelphia, Penna. 

Dr. Avsert H. Witson, Associate Professor of Mathematics, Haverford Col- 
lege, Haverford, Penna. 


NON-RESIDENT. 


Mr. Irving H. Crowne, Research Engineer, Brooklyn Edison Company, 
Brooklyn, N. Y. For mailing: 194 Columbia Heights, Brooklyn, N. Y. 


STUDENT. 
Mr. JoserH M. Livezey, Student, Mullica Hill, N. J. 


CONTRIBUTING. 


Representing the Edward G. Budd Manufacturing Company: 
Mr. Joun R. Noon, 4058 North Twelfth Street, Philadelphia, Penna. 
Mr. A. W. Branopt, 4683 North Sixteenth Street, Philadelphia, Penna. 
Mr. Epwarp HOCHREITER, 2133 North Twenty-first Street, Philadelphia, 


Penna. 
Mr. Josera WINLOCK, 332 West Springfield Avenue, Chestnut Hill, Phila- 


delphia, Penna. 
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TRANSFERS. 


FROM NON-RESIDENT TO RESIDENT. 
Mr. CuarLes N. FORREST. 


CHANGES OF ADDRESS. 


Dr. Doxarp S. ASHBROOK, in care of Joseph Bancroft and Sons Company, 
Wilmington, Dela. 

Dr. CuarLes E. Caspari, 4588 Parkview Place, St. Louis, Mo. 

Dr. E. H. GraFTON, in care of Murray Rubber Company, Trenton, N. J. 

Mr. Ernst JOHANSEN, 1697 Cambridge Street, Cambridge, Mass. 

Me C. P. Kerra, in care of W. G. Peters, Esq., 1171 Van Antwerp Road, 
Schenectady, N. Y. 

Mr. Joux C. Kusare, 167 Power Street, Hawthorn, Melbourne, Australia. 

Mr. Evcene Merz, 1165 Park Avenue, New York City, N. Y. 

Mr Harry J. W. Netuery, 1123 Eleventh Avenue, Moore, Penna. 

Mr. G. A. Prerce, 5009 North Twelfth Street, Philadelphia, Penna. 

CoroxeL FrepericK Pore, 969 Fifth Avenue, New York City, N. Y. 

Mr J. M. Spitzciass, Tasanenstr. 28, Berlin, W. 15, Germany. 

Dr Wirsur M. Stine, 731 Ashurst Road, Penfield, Upper Darby, Penna. 

Mr. ALEXANDER WILSON, 3RD, 111 North Owen Avenue, Lansdowne, Penna. 

Mr Jawes H. Wyatt, 225 First Avenue, Haddon Heights, N. J. 


NECROLOGY. 


Mrs. C. C. Febiger, Philadelphia, Penna. 
Mr. Henry V. Wille, Philadelphia, Penna. 
Mr. R. G. Porter, Philadelphia, Penna. 
Mr. G. W. Elkins, Philadelphia, Penna. 
Mr. Alonzo G. Kinyon, Fullerton, Penna. 


LIBRARY NOTES. 
RECENT ADDITIONS. 


American Medical Association—New and Non-official Remedies. 1927. 

American Medical Association Useful Drugs. Edited by R. A. Hatcher and 
Cary Eggleston. Seventh edition. 1926. 

American Society for Testing Materials—A.S.T.M. Standards. Two volumes. 
1927, 

Barritt, J. W.—The Care and Operation of Machine Tools. 1927. 

Boxe, Wm. A., and Donato T. A. TowNenp.—Flame and Combustion in 
Gases. 1927. 

Bors, Max.—Problems of Atomic Dynamics. 1926. 

Boutnitton, Léon, and M. Gouponnet.—Les Lois Fondamentales de l'Élec- 
tricité. Tomes I and 2. 1926-1927. 

Brassey's Naval and Shipping Annual. 1928. Thirty-ninth year. 1927. 
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Chemisches Zentralblatt—Generalregister vi, über die Jahrgänge, 1922-1924. 
Teil II Sachregister, Formelregister und Patentnummernregister. 1927. 

Dickinson, R. E.—Electric Trains. 1927. 

Ham, C. W., and E. J. Crane.—Mechanics of Machinery. 1927. 

Hevesy, Grorcr, and Fritz PANEtH.—A Manual of Radioactivity. Translated 
by R. W. Lawson. 1926. 

HumpuHreys, W. J.—Fogs and Clouds. 1926. 

Ince, E. L.—Ordinary Differential Equations. 1927. 

KIMBALL, Dexter S.—Principles of Industrial Organization. Third edition. 
1925. 

Laury, N. A.—Hydrochloric Acid and Sodium Sulphate. 1927. 

Lewis, E. I., and Georce Kinc.—The Making of a Chemical. No date. 

Lone, S. H.—Navigational Wireless. 1927. 

MicHELson, A. A.—Studies in Optics. 1927. 

National Electric Light Association—Overhead Systems Reference Book. 
1927. 

REINHOLT, Oscar H.—Oildom: Its Treasures and Tragedies. 1924-1927. 

RicHarpson, E. G.—Sound: A Physical Text-book. 1927. 

Soil Science. Four volumes. 1916-1917. 

STEWART, A. W.—Recent Advances in Organic Chemistry. Fifth edition. 
Two volumes. 1927. 

Swope’s Lessons in Practical Electricity. Seventeenth edition by Erich 
Hausmann. 1927. 

THORPE, SiR Epwarp.—A Dictionary of Applied Chemistry. Volume VII, with 
an index to the whole work. 1927. 

Unwin, W. CAWTHORNE, and A. L. MELLANBy.—Elements of Machine Design. 
Part I. New and revised edition. 1927. 

Woop, Wm. P., and James M. Corx.—Pyrometry. 1927. 


BOOK REVIEWS. 
THE MAKING OF A CHEMICAL, a guide to works-practice. By E. I. Lewis, 
M.A., B.Sc., and George King, M.Sc., F.I.C. 288 pages, 8vo. New 
York, John Wiley and Sons, Inc. Price, $4. 


Chemical engineering as a branch of special instruction in chemistry is of 
comparatively recent development but its importance has grown enormously 
within the last few years. It is somewhat sad to say that much of this 
importance has arisen from the application of chemistry to war. It is true that 
warlike measures even at a very early period involved the employment of 
chemicals, for long before the invention of gunpowder various materials for 
destroying structures by fire or corrosion had been used. We can scarcely 
credit the statements of certain ancient writers that vinegar was used for dis- 
solving rocks, but there is no doubt that over a thousand years ago highly 
combustible mixtures of natural products of the asphalt and petroleum types 
were employed. A manuscript dating from about the seventh century but prob- 
ably of much earlier origin, known in brief English translation as the “ Book 
of Fires” by Marcus the Greek, in its original Latin title the “ Book of Fires 
to Burn Enemies,” gives a large number of formulas for combustible materials 
for projectiles. 
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The invention of gunpowder brought the chemist into direct contact with 
war and a still closer contact took place when the modern high explosives 
were introduced. The late war saw the introduction of an entirely different 
phase of chemical military engineering, the employment of the toxic gases. 
The arts of peace, however, have demanded the greatest attention of the 
chemical engineer and the literature of works-procedure is very extensive. 
The present work does not deal with any particular procedure but discusses the 
methods of wide application, that is to say, gives the principles of works- 
operation very fully and clearly. It is the product of considerable thought and 
labor. It contains a very considerable amount of matter both relating to the 
history of the science and modern specific developments. It is a somewhat 
new venture into the field of chemical engineering and seems to be quite 
comprehensive in the treatment of the subject. It is to be commended to the 
attention of teachers of this branch of chemistry who may use it very satisfac- 
torily in connecting the general principles which are here laid down and apply- 
ing them to specific procedures in manufacture. Henry LEFFMANN. 


Cours PRATIQUE D'ÉLECTRICITÉ INDUSTRIELLE A L'USAGE DES ÉCOLES PRATIQUES 
DE COMMERCE ET D'INDUSTRIE, DES ÉCOLES PROFESSIONNELLES, DES ÉCOLES 
PRIMAIRES SUPERIEURES. Par Léon Bouthillon, Ingénieur en chef des 
Télégraphes, Répétiteur à l’École Polytechnique, et M. Goudonnet, Direc- 
teur de l'École pratique de Radioélectricité. In three volumes. Vol. I, 
Les Lois Fondamentates de l'Électricité. xiv-271 pages, 19 X 12 cm., paper. 
Price, 14 francs. Vol. II, Machines et Appareils Electriques. vii-324 
pages, paper. Price, 20 francs. Vol. III, Applications de !’Electricité, in 
preparation. Paris, Gauthier-Villars et Cie., 1926 and 1927. 


Properly learning a trade entails something more than the mastery of the 
technique of craftsmanship. That the rationale of an art cannot be ignored in 
the training of craftsmen is duly recognized by manufacturers who maintain 
systematic courses of instruction for their apprentices, and the existence of 
many night schools and correspondence schools which are maintained for those 
to whom the advantages of a well-planned apprentice course are not available. 

The present work is one of the many texts which have appeared from 
time to time for instruction of that sort. Volume I deals with fundamental 
Principles. Beginning with a chapter on mechanics, in which stress is laid on 
energy relationships, the theorems of electricity and magnetism are presented 
in the same orderly and deductive fashion as employed in formal treatises. 
The authors indeed show much ingenuity in devising convincing demonstrations 
in which only algebraic and trigonometric methods are employed. There are 
Many line diagrams but no illustrations of actual apparatus. The absence 
of such illustrations will be of consequence only to the few readers who have 
no school contact. The general divisions of the subject are: Preliminary 
mechanical concepts; Currents, Electromotive force, Difference of potential; 
Ohm's and Joule’s laws; Magnetism; Currents and the magnetic field; Alter- 
nating currents; Alternating-current circuits; Polyphase currents. 

In the second volume, generators and motors are discussed at length. 
Following the usual order, the principles of the continuous-current generator 
are first considered and formulated with the aid of numerous diagrams. 
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Alternating-current machines followed by a variety of types of transformers 
then receive attention. Finally outlines of the principle and operation of the 
thermionic tube and other devices of the same nature, the principles of primary 
and secondary batteries and measuring instruments are described. In this vol- 
ume a number of illustrations of the more important pieces of apparatus 
are given. 

The work has especial value in presenting an elementary treatment in the 
same deductive order that a reader who may wish to advance farther will find 
in more advanced treatises. However, American readers of a French technical 
work will be mostly found in the college-trained class who would more likely 
choose such a well-known work as that of Eric Gerard, of the first volume 
of which, it may be mentioned, M. Bouthillon is editor. 

Lucien E. PIco.ert. 


HYDROCHLORIC Acip AND SopiuM SuLpHate. By N. A. Laury. 127 pages, 
25 illustrations, 8vo. New York, The Chemical Catalog Company, Inc., 
1927. Price, $4. 

This is one of the series of monographs issued by the American Chemical 
Society, the total issue now amounting to a considerable library of applied 
chemistry. The two substances considered are closely related in origin since 
the greater part of the hydrochloric acid of commerce is made by the action 
of sulphuric acid on common salt. This reaction was observed by Glauber in 
the latter half of the seventeenth century. It has been studied in much detail 
in recent years. 

The material in the book is primarily, of course, the chemical engineering 
of the large-scale production. Principles of physical chemistry have so intruded 
into both research and technology that much reference to them cannot be 
avoided. In some cases, unnecessary information seems to be given. The 
law of mass-action and the principle of volatility as determining chemical 
action have been for many years in elementary text-books and a knowledge 
of them on the part of the trained chemists, who alone will use this book, may 
be assumed. So also unnecessary is the statement that perfectly anhydrous 
hydrogen chloride is without action on litmus. In this condition it is not 
really an acid. 

A very large amount of information on the manufacture of the two sub- 
stances is given. Factory details are presented fully, and numerous tables and 
illustrations add to the usefulness of the book. Sodium sulphate has long 
been known as Glauber’s salt. Its laxative quality gained for it the title 
sal mirabile, in the days when doctors and pharmacists were brought up on 
Latin, but this term has lost its vogue. Magnesium sulphate has replaced it in 
regular medical practice. A certain amount of sodium sulphate is taken into 
the human system in connection with the cheaper forms of baking powder, 
which contain sodium aluminum sulphate, commonly known in trade as SAS. 
The salt figured prominently in French chemistry in the latter half of the 
eighteenth century as an intermediate in the manufacture of sodium carbonate. 

This book will find excellent application in the factory in which hydro- 
chloric acid is manufactured or in which either of the ingredients included 
are used. HENRY LEFFMANN. 
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Swoore’s LESSONS IN PRAcTICAL ELECTRICITY, an elementary text-book. Seven- 
teenth edition, revised and enlarged. By Erich Hausmann, E.E., Sc.D., 
Professor of Physics at the Polytechnic Institute of Brooklyn and Fellow 
of the American Institute of Electrical Engineers. xiii-694 pages, 20 X 14 
cm., illustrations, cloth. New York, D. Van Nostrand Company, 1927. 
Price, $2.50. 

More than any other class of readers, those whose time is occupied with 
business pursuits who desire a working knowledge of the principles and the 
arithmetic of applied electricity require a most carefully planned presentation 
of the subject in order to cover it satisfactorily in their limited off-duty time. 
Though the present work may appeal to diversified classes of readers, it 1s more 
particularly designed for the purpose above specified. The original edition 
appeared in 1900. The many editions which have since appeared, including the 
present revision, bring the total issue to the handsome figure of oné hundred 
thousand copies, which is ample evidence that it is adequately fulfilling 
its mission. 

In its nearly seven hundred pages it is doubtful that any commercial 
application of electricity, its relation to fundamental principles, and its explana- 
tion in numerical values have been omitted. There are over five hundred line- 
cuts and half-tones, all of them good and most of them excellent. At the end 
of each chapter a collection of “questions” and “problems” provides the 
reader with an effective means of self-examination as he proceeds. Many 
experiments with illustrations are described which are clarifying to the reader 
who may not have facilities for conducting them as well as a valuable guide 
to the experimenter. In the present revision particular attention has been given 
to improvements in presentation of alternating currents, primary cells, electric 
lighting, electromagnetic induction, vacuum nue telegraphy and telephony 
and to radio-signalling. 

The book, already well proven by earlier issues, will saved make many 
new friends, particularly among the self-taught readers who will scarcely 
fail to find it “ made to order.” Lucien E. PIco.et. 


Lupricatinc Greases. By E. N. Klemgard, B.Sc. 198 pages, 8vo. New 
York, The Chemical Catalog Company, Inc., 1927. Price, $5.50. 


The extensive employment of machinery, especially in the motor car, has 
developed a corresponding interest and importance in the manufacture of lubri- 
cants. The practice relating to the axles of horse-drawn vehicles consisted in 
the employment mostly of ordinary crude greases of the farm products or 
mixtures of lime soap with oils. The production of petroleum in quantity led 
to its use in various forms. The present work gives an account of some of 
these early procedures and states that the modern greases are made from 
refined petroleum, high-class fats and a high quality of slaked lime. The 
processes used by the various manufacturers are largely trade secrets and 
hence little of value can be found in the literature. The present volume is 
believed to be the only one now in print which deals solely with grease and its 

ses. Its text is the product of many years of research with large manufactur- 
ing establishments in this field and much of the material has never before 
appeared in print. It therefore constitutes a fairly comprehensive exposition 
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of the theory, manufacture and uses of greases. Very many formulas are 
given so that the user of the book can find methods of preparing greases 
for every variety of purpose for which they are employed. Very extensive 
reference to patent literature is included. A good index is provided. 

Henry LEFFMANN. 


A SYSTEM OF QUALITATIVE ANALYSIS FOR THE Rare ELEMENTS. By Arthur A. 
Noyes, Professor of Chemistry, California Institute of Technology, and 
William C. Bray, Professor of Chemistry, University of California. xii- 
536 pages, illustrations, 8vo. New York, The Macmillan Company, 1927. 
Price, $5. 

The expression “rare elements” has acquired a relative value in chemis- 
try. A considerable number of elements that were very rare fifty years ago 
are now familiar in many departments of chemical industry. In some cases 
the element was very abundant in combination, but its extraction was difficult 
and expensive. Industrial progress has given us many methods for the 
decomposition of minerals, and the very great abundance of aluminum in the 
modern day is an instance of the advance in the extraction of metals from 
their ores. Perhaps the most remarkable instance of a rare element becoming 
quite familiar and abundant is helium. Detected originally in the sun’s chromo- 
sphere and assumed to be quite extra-terrestrial, it is now obtained in large 
quantities from some parts of the United States and a not uncommon sight 
is one of the great dirigibles floating along charged with this gas. It is 
unfortunate that one of the most useful of the metals, practically irreplaceable 
in many operations, is still much too rare for its satisfactory service. This 
is platinum. 

The book in hand does not include the gaseous element just mentioned but 
applies to a large group of metals, some of which are quite common and are 
taken up in connection with the group to which the rarer members belong. In 
fact, it is an extension of the ordinary course of qualitative analysis so as to 
include a large number of elements which are passed over without notice in the 
ordinary college course. Qualitative analysis including the more common ele- 
ments is the usual method of introduction to practical chemistry, but as 
generally presented it is a somewhat superficial treatment, and it is a question 
whether a limited number of experiments in quantitative analysis carefully 
supervised would not be a better initial training for the student. 

The present book presents the results of experimental investigation car- 
ried out for thirty years by the authors and with trial of the processes by 
large numbers of associates and post-graduate students at the institutions with 
which the authors have been connected. As a result of this investigation 
there has been worked out in detail a system which includes nearly all the 
elements that are of a metallic nature and makes possible their detection in 
the presence of other elements though in very small proportion. As noted above, 
the term “rare elements” is somewhat arbitrary. A system of analysis in 
which these elements are included in the routine processes will be a great 
advance over the superficial qualitative course commonly followed, and the 
authors are to be commended for presenting such a thorough study of the 
subject as is included in this book. Henry LEFFMANN. 
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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS. Report 275, The Effect 
of the Walls in Closed Type Wind-tunnels, by George J. Higgins. 18 
pages, illustrations, quarto. Washington, Government Printing Office, 
1927. Price, ten cents. 


A series of tests has been conducted during the period 1925-1927 by the 
Committee in the variable-density wind-tunnel on several airfoil models of 
different sizes and sections to determine the effect of tunnel-wall interference 
and to determine a correction which can be applied to reduce the error caused 
thereby. The use of several empirical corrections was attempted with little 
success. The Prandtl] theoretical corrections give the best results, and their 
use is recommended for correcting closed wind-tunnel results to the conditions 
of free air. 

An appendix is attached wherein the experimentally determined effect 
of the walls on the tunnel velocity very close to their surface is given. This 
is of special interest because a “scale effect” was found in the boundary layer 
with a change in the density of the tunnel air. 

Report 276, Combustion Time in the Engine Cylinder and Its Effect on 
Engine Performance, by Charles F. Marvin, Jr. 16 pages, illustrations, quarto. 
Washington, Government Printing Office, 1927. Price, ten cents. 

As a part of a general program to study combustion in the engine cylinder 
and to correlate the phenomena of combustion with the observed performance 
of actual engines, this paper, which was outlined by Mr. S. W. Sparrow, and 
the work undertaken at the request of the Committee, presents a sketchy 
outline of what may happen in the engine cylinder during the burning of a 
charge. It also suggests the type of information needed to supply the details 
of the picture and points out how combustion time and rate affect the per- 
formance of the engine. ` 

A theoretical concept of a flame front which is assumed to advance 
radially from the point of ignition is presented, and calculations based on the 
area and velocity of this flame and the density of the unburned gases are made 
to determine the mass rate of combustion. From this rate the mass which has 
been burned and the pressure at any instant during combustion are computed. 

This process is then reversed in an effort to determine actual rates of 
combustion and flame velocities from the pressures as recorded on indicator 
diagrams. 

The effects of different rates of combustion on engine performance are 
then discussed and the importance of proper spark advance is emphasized. 


PUBLICATIONS RECEIVED. 


The Making of a Chemical. A guide to works practice by E. I. Lewis, 
M.A., B.Sc., and George King, M.Sc., F.I.C. 288 pages, illustrations, 8vo. 
New York, John Wiley and Sons, Inc., no date. Price, $4. 

The Propagation of Electric Currents in Telephone and Telegraph Con- 
ductors, by J. A. Fleming, M.A., D.Sc. Fourth edition, revised and extended. 
422 pages, illustrations, plates, 8vo. New York, D. Van Nostrand Company, 
Inc., no date. Price, $8. 

Pyroxylin Enamels and Lacquers, their raw materials, manufacture and 
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applications, by Samuel P. Wilson, M.A., Ph.D. Second edition, enlarged. 
253 pages, 8vo. New York, D. Van Nostrand Company, Inc., 1927. Price, 
$3.50. 

Molecular Physics and the Electrical Theory of Matter, by James Arnold 
Crowther, M.A., Sc.D. Fourth edition. 202 pages, illustrations, 12mo. Phila- 
delphia, P. Blakiston’s Son and Company, 1927. Price, $2.50. 

Machinisme et Automatisme, par P. Maurer, chef du Service des Comp- 
teurs. 79 pages, 8vo. Paris, Gauthier-Villars et Cie., 1927. Price, 12 francs. 

Canada Department of Mines, Mines Branch: Investigations of Fuels and 
Fuel Testing (Testing and Research Laboratories), 1925. 184 pages, illus- 
trations, plates, 8vo. Ottawa, King’s Printer, 1927. 

U. S. Bureau of Mincs: Mineral Resources of the United States, 1926, 
Part I: Arsenic in 1926, by C. V. Heikes. 8 pages. Gold, Silver, Copper, 
Lead and Zinc in the Eastern United States in 1926, by J. P. Dunlop. 8 pages. 
Part II, Slate in 1926, by A. T. Coons. 12 pages. Potash in 1926, by 
A. T. Coons. 10 pages. Washington, Government Printing Office, 1927. 
Price, for each pamphlet, five cents. 

International Exhibition of Heavy Industries Sciences and Appliances, 
Liege, 1930. Preliminary announcement, administrators, classification. 30 pages, 
8vo. Liege. 

National Advisory Committee for Aeronautics: Technical Notes, No. 2609, 
The Distribution of Loads between the Wings of a Biplane Having Decalage, 
by Richard M. Mock. 33 pages, illustrations, diagrams, photographs, quarto. 
Washington, Committee, 1927. 


CURRENT TOPICS. 


The Physical and Biological Effects of High-frequency 
Sound-waves of Great Intensity. R. W. Woop and A. L. Loomis. 
(Phil. Mag., Sept., 1927.) —At the fiftieth anniversary of the found- 
ing of Johns Hopkins University, October, 1926, Professor Wood 
spoke on this very interesting subject. This paper presents a pre- 
liminary survey of the effects of sound-waves produced in an oil- 
bath by exciting a piezo-electric oscillator made of quartz with an 
alternating voltage of 50,000. A frequency of 700,000 was thus 
attained. The quartz was used in the form of circular discs. Their 
thicknesses ranged from 7 to 14 mm. Thus frequencies of 100,000 
to 700,000 were obtained. The quartz disc rested in a vessel contain- 
ing transformer oil on a piece of sheet lead, while upon it was placed 
a disc of very thin brass sheet that formed the second electrode. 
Interference experiments indicated that the amplitude of the vibra- 
tion communicated from the crystal to the oil was about equal to a 
wave-length of light. The authors quote with approval C. V. Boys’ 
terse description, “ All acceleration and no motion.” The general 
method was developed in 1917 by the French physicist, Langevin, 
whose theoretical work on magnetism is so well known. His purpose 
was to locate submarines by their reflecting a narrow beam of high- 
frequency sound-waves. The Poulsen arc which he used to excite 
the oscillations proved unsatisfactory and was replaced by the vacuum 
tube. This was used in the present experiments. 

On thermodynamic grounds it was proved that light exerts a 
pressure on a surface upon which it falls. This pressure was first 
detected experimentally by Lebedew and was subsequently measured 
by Hull and Nichols in this country. With the waves set up in 
the oil the pressure of the sound vibration was readily demonstrable. 
A glass disc 8 cm. in diameter was put in the oil with its surface 
horizontal and above the quartz disc. From the plate at its centre 
projected upward a rod of the same substance carrying at its upper 
end a pan for weights. The pressure of the waves acting upward on 
the lower surface of the glass disc supported 150 grams on the pan. 
“ The pressure is a maximum when the distance between the under 
surface of the plate and the upper surface of the quartz oscillator 
is a whole number of half wave-lengths. Under this condition the 
reflected wave strikes the oscillator when its phase is such as to 
reflect the wave back to the plate. The energy is thus imprisoned 
by multiple reflections between the vibrator and the plate, and the 
amplitude rises to a very high value. If the rod which supports the 
glass plate is held in the fingers and the plate pushed down gradually 
into the oil, a strong resistance is encountered periodically, as if the 
plate were breaking its way through a series of resisting films.” Akin 
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to this pressure effect is the heaping up of a mound of oil when the 
waves are reflected at the upper surface of the liquid. “ When the 
frequency of the electrical oscillation is tuned exactly to the natural 
frequency of the crystal plate the oil mound rises to a height of 
7 cm., its surface erupting oil drops like a miniature volcano.” Some 
of these reached a height of 30 or 40 cm. 

Notable heating effects were obtained. When the temperature 
of the mound of oil was being taken, “ though the mercury registered 
only 25°, the thermometer tube became so hot at the point where 
it was held between the thumb and finger that it had to be released. 
The heat, of course, is developed by friction between the vibrating 
glass stem and the skin of the fingers, or rather by the rapid pound- 
ing of the transverse vibrations.” Again, “If a glass rod is drawn 
out into a long thread of the diameter of a horsehair, terminating in 
a pear-shaped bead, the heat developed, when the end of the thread 
is squeezed between the fingers and the bead dipped into the oil 
fountain, is so great that a groove with seared edges is left in the 
skin.” An Erlenmeyer flask had its neck fused and a rod of the 
glass was drawn upward, its diameter at the end being 1⁄4 mm. The 
bottom of the flask was pushed into the vibrating oil and adjusted 
for maximum effect. Then a chip of wood pressed against the end 
of the rod smoked. The rod drilled its way into a glass plate held 
against it. With considerable pressure applied droplets of molten 
glass formed. 

A test-tube filled with water was placed in a beaker containing 
water and ice to prevent any sudden rise of temperature. When the 
beaker was brought over the quartz disc and the waves passed 
through the beaker into the water in the test-tube, the energy thus 
transmitted was absorbed and the water rose in temperature at the 
rate of 3° a sec. 

Emulsions and fogs resulted from the action of these high- 
frequency vibrations. “Stable emulsions resembling milk can be 
made of stearic acid or paraffin and water. A beaker of water with 
a layer of mercury at the bottom, under the influence of the vibra- 
tions, becomes first milky, then brown and finally black. At the end 
of twenty-four hours most of the mercury has settled, but a suff- 
cient amount remains in suspension to make the water slightly tur- 
bid.” The most spectacular experiment was the following: A glass 
tube, closed at one end and having a diameter of 25 mm., was drawn 
down to a diameter of 7 mm. The round bottom of the tube was 
lowered into the vibrating oil and adjustment of distance was made 
to secure the maximum effect. Oil is applied to the outside of the 
tube with a medicine dropper. “A very surprising thing happens. 
The oil spreads over the surface and is thrown out in jets of spray 
resembling smoke and a dense cloud gathers about the tube.” The 
application of a flame causes a fine pyrotechnic displav. The waves 
further produce flocculation of solids suspended in liquids, influence 
crystallization and accelerate certain chemical reactions. 


Jan., 1928.] CURRENT TOPICS. 153 


Lower forms of life are destroyed by the disruptive action of 
the waves. Bacteria survive because they are so small that the 
whole of the organism is subjected to the same treatment. “ Red 
blood corpuscles in a physiological salt solution are rapidly destroyed, 
the turbid liquid becoming as clear as a solution of a red aniline 
dye.” Small fish and frogs are killed in one or two minutes, but 
mice recover from an exposure of twenty minutes. 

It would seem that interesting and important avenues of approach 
have been opened by this, the first communication from the Alfred 
Lee Loomis Laboratory, Tuxedo, N. Y. G. F. S. 


American Foundrymen’s Association Honors Professor 
Outerbridge.—The Board of Directors of the American Foundry- 
men’s Association acting on the recommendation of the Board of 
Awards has voted to award to Alexander Ewing Outerbridge, Jr., 
the Wm. H. McFadden Gold Medal of the American Foundrymen’s 
Association. This award is being granted to Professor Outerbridge 
because of his contributions to the advancement of knowledge of 
cast-iron metallurgy. He was one of the pioneers in this country 
in application of science to the foundry industry and his researches 
paved the way for many developments of great value. 

Professor Outerbridge was born in Philadelphia on July 31, 
1850, and was educated at the Episcopal Academy of this city. In 
1867 he was made assistant to Prof. John F. Frazer, who occupied 
the chair of physics and chemistry at the University of Pennsylvania. 
While acting in this capacity he attended lectures on physics and 
chemistry at the university. During 1868 he received an appoint- 
ment as assistant in the Assay Laboratory of the U. S. Mint at 
Philadelphia where he worked for eight years. During this period 
he spent considerable time at the University of Pennsylvania in 
research work on the spectroscopic analysis of gold, silver, and 
other metals. 

In 1879 Professor Outerbridge was sent to the New Orleans 
Mint to establish an assay department. Returning to Philadelphia, 
he was appointed metallurgist for A. Whitney and Sons Car Wheel 
Works, which position he held until 1888, when he became connected 
with William Sellers and Company, Inc., of the same city, as metal- 
lurgist, which position he still retains, although he retired from active 
work at the age of seventy-six. 

In addition to his regular plant duties Professor Outerbridge has 
been identified with the work of The Franklin Institute of Philadel- 
phia as professor of metallurgy and as a lecturer on industrial 
economics at the Wharton School of Finance of the University of 
Pennsylvania. In the cast-iron field Professor Outerbridge’s research 
work on chilled cast iron, ferro-alloys, mobility of molecules in cast 
iron, strengths of cast-iron test bars as affected by tumbling and the 
growth of cast iron have been especially notable; and his findings 
in these researches have been used as the basis for further researches 
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of other workers. He was perhaps the first to see the value of 
X-rays in examination of castings, for in 1904 he showed examples 
of X-ray photographs of iron and steel and advocated their use in the 
examination of castings for defects. 

For his original work in the molecular physics of iron he was 
awarded the John Scott Legacy Medal and Premium in 1897 by the 
City of Philadelphia on the recommendation of The Franklin Insti- 
tute, and in 1904 the Elliott Cresson Gold Medal by The Franklin 
Institute. 

Professor Outerbridge has been an extensive contributor to tech- 
nical magazines and technical associations, some of his first papers 
were presented to the International Association of Testing Materials, 
The American Society for Testing Materials and the American 
Foundrymen's Association. His contributions to the JOURNAL OF 
THE FRANKLIN INSTITUTE number twenty-eight and deal chiefly 
with subjects relating to metallurgy and the foundry. 
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SOME EXPERIMENTAL DIFFICULTIES WITH THE 
ELECTROMAGNETIC THEORY OF RADIATION. 


BY 
ARTHUR H. COMPTON, Ph.D. 


Professor of Physics, University of Chicago. 


Durinc the last few years it has become increasingly evident 
that the classical electromagnetic theory of radiation is incapable 
of accounting for certain large classes of phenomena, especially 
those concerned with the interaction between radiation and mat- 
ter. It is not that we question the wave character of light—the 
striking successes of this conception in explaining polarization 
and interference of light can leave no doubt that radiation has 
the characteristics of waves; but it is equally true that certain 
other properties of radiation are not easily interpreted in terms 
of waves. The power of the electromagnetic theory as applied 
toa great variety of problems of radiation is too well known to 
require emphasis. It is, however, only by acquainting ourselves 
with the failures of this powerful theory that we can hope to 
develop a more complete theory of radiation which will describe 
the facts as we know them. 

The more serious difficulties which present themselves in con- 
nection with the theory that radiation consists of electromagnetic 
waves, propagated through space in accord with the demands of 
Maxwell’s equations, may be classified conveniently under four 
heads : 

(1) How are the waves produced? The classical electro- 
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dynamics requires as a source of an electromagnetic wave an 
oscillator of the same frequency as that of the waves it radiates. 
Our studies of spectra, however, make it appear impossible that 
an atom should contain oscillators of the same frequencies as the 
emitted rays. 

(2) The photo-electric effect. This phenomenon is wholly 
anomalous when viewed from the standpoint of waves. 

(3) The scattering of X-rays, and the recoil electrons, phe- 
nomena in which we find gradually increasing departures from 
the predictions of the classical wave theory as the frequency 
increases. 

(4) Experiments on individual interactions between quanta 
of radiation and electrons. If the results of the experiments of 
this type are reliable, they seem to show definitely that individual 
quanta of radiation, of energy lv, proceed in definite directions. 

The Photon Hypothests.—In order to exhibit more clearly 
the difficulties with the classical theory of radiation, it will be 
helpful to keep in mind the suggestion that light consists ot 
corpuscles. We need not think of these two views as necessarily 
alternative. It may well be that the two conceptions are comple- 
mentary. Perhaps the corpuscle is related to the wave in some- 
what the same manner that the molecule is related to matter in 
bulk : or there may be a guiding wave which directs the corpuscles 
which carry the energy. In any case, the phenomena which we 
have just mentioned suggest the hypothesis that radiation is 
divisible into units possessing energy /iv, and which proceed in 
definite directions with momentum Av/c. This is obviously simi- 
lar to Newton's old conception of light corpuscles. It was revived 
in its present form by Einstein, it was defended under the name 
of the “ Neutron Theory ” by Sir William Bragg, and has been 
given new life by the recent discoveries associated with the scat- 
tering of X-rays. 

In referring to this unit of radiation I shall use the name 
“photon,” suggested recently by G. N. Lewis.’ This word 
avoids any implication regarding the nature of the unit, as con- 
tained for example in the name ‘needle ray.” As compared 
with the terms “ radiation quantum ” and “light quant,” this 
name has the advantages of brevity and of avoiding any implied 
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dependence upon the much more general quantum mechanics or 
quantum theory of atomic structure. 

Virtual Radiation.—Another conception of the nature of 
radiation which it will be desirable to compare with the experi- 
ments is Bohr, Kramers and Slater’s important theory of virtual 
radiation.” According to this theory, an atom in an excited 
state is continually emitting virtual radiation, to which no energy 
characteristics are to be ascribed. The normal atoms have asso- 
cated with them virtual oscillators, of the frequencies corre- 
sponding to jumps of the atom to all of the stationary states of 
higher energy. The virtual radiation may be thought of as 
being absorbed by these virtual oscillators, and any atom which 
has a virtual oscillator absorbing this virtual radiation has a 
certain probability of jumping suddenly to the higher state of 
energy corresponding to the frequency of the particular virtual 
oscillator. On the average, if the radiation is completely 
absorbed, the number of such jumps to levels of higher energy 
is equal to the number of emitting atoms which pass from higher 
to lower states. But there is no direct connection between the 
falling of one atom from a higher to a lower state and a corre- 
sponding rise of a second atom from a lower to a higher state. 
Thus on this view the energy of the emitting atoms and of the 
absorbing atoms is only statistically conserved. 


THE EMISSION OF RADIATION. 


When we trace a sound to its origin, we find it coming from 
an oscillator vibrating with the frequency of the sound itself. 
The same is true of electric waves, such as radio waves, where 
the source of the radiation is a stream of electrons oscillating 
back and forth in a wire. But when we trace a light ray or an 
X-ray back to its origin, we fail to find any oscillator which has 
the same frequency as the ray itself. The more complete our 
knowledge becomes of the origin of spectrum lines, the more 
clearly we see that if we are to assign any frequencies to the 
electrons within the atoms, these frequencies are not the fre- 
quencies of the emitted rays, but are the frequencies associated 
with the stationary states of the atom. This result cannot be 
reconciled with the electromagnetic theory of radiation, nor has 

"N. Bohr, H. A. Kramers and J. C. Slater, Phil. Mag., 47, 785 (1924); 
Letts, f, Phys., 24, 69 (1924). 
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any mechanism been suggested whereby radiation of: one fre- 
quency can be excited by an oscillator of another frequency. The 
wave theory of radiation is thus powerless to suggest now. the 
waves originate. 

The origin of the radiation is considerably simpler when we 
consider it from the photon viewpoint. We find that an atom 
changes from a stationary state of one energy to a state of less 
energy, and associated with this change radiation is emitted. 
What is simpler than to suppose that the energy lost by the atom 
is radiated away as a single photon? It is on this view unneces- 
sary to say anything regarding the frequency of the radiation. 
We are concerned only with the energy of the photon, its direc- 
tion of emission, and its state of polarization. 

The problem of the emission of radiation takes an especially 
interesting form when we consider the production of the con- 
tinuous X-ray spectrum.? Experiment shows that both the inten- 
sity and the average frequency of the X-rays emitted at angles 
less than go degrees with the cathode-ray stream are greater than 
at angles greater than go degrees. This is just what we should 
expect due to the Doppler effect if the X-rays are emitted by a 
radiator moving in the direction of the cathode rays. In order 
to account for the observed dissymmetry between the rays in the 
forward and backward directions, the particles emitting the radi- 
ation must be moving with a speed of the order of 25 per cent. 
that of light. This means that the emitting particles must be free 
electrons, since it would require an impossibly large energy to 
set an atom into motion with such a speed. 

But it will be recalled that the continuous X-ray spectrum 
has a sharp upper limit. Such a sharp limit is, however, possible 
on the wave theory only in case the rays come in trains of waves 
of considerable length, so that the interference between the waves 
in different parts of the train can be complete at small glancing 
angles of reflection from the crystal. This implies that the oscil- 
lator which emits the rays must vibrate back and forth with con- 
stant frequency a large number of times while the ray is being 
emitted. Such an oscillation might be imagined for an electron 
within an atom; but it is impossible for an electron moving 


*The difficulty here discussed was first emphasized by D. L. Webster, 
Phys. Rev., 13, 303 (1919). 


Feb., 1928.) ELECTROMAGNETIC THEORY OF RADIATION. 159 


through an irregular assemblage of atoms with a speed compar- 
able with that of light. 

Thus the Doppler effect in the primary X-rays demands that 
the rays shall be emitted by rapidly moving electrons, while the 
sharp limit to the continuous spectrum requires that the rays be 
emitted by an electron bound within an atom. 

The only possible escape from this dilemma on the wave 
theory is to suppose that the electron is itself capable of internal 
oscillation of such a character as to emit radiation. This would, 
however, introduce an undesirable complexity into our conception 
of the electron, and would ascribe the continuous X-rays to an 
origin entirely different from that of other known sources 
of radiation. 

Here again the photon theory affords a simple solution. It is 
a consequence of Ehrenfests’s adiabatic principle that photons 
emitted by a moving radiator will show the same Doppler effect, 
with regard to both frequency and intensity, as does a beam of 
waves.‘ But if we suppose that photons are radiated by the 
moving cathode electrons, the energy of each photon will be the 
energy lost by the electron, and the limit of the X-ray spectrum is 
necessarily reached when the energy of the photon is equal to the 
initial energy of the electron, t.e., hv =eV. In this case, if we 
consider the initial state as an electron approaching an atom with 
large kinetic energy and the final state as the electron leaving the 
atom with a smaller kinetic energy, we see that the emission of 
the continuous X-ray spectrum is the same kind of event as the 
emission of any other type of radiation. 

Absorption of Radiation.—According to the photon theory, 
absorption occurs when a photon meets an atom and imparts its 
energy to the atom. The atom is thereby raised to a stationary 
state of higher energy—precisely the reverse of the emission 
process. 

On the wave theory, absorption is necessarily a continuous 
process, if we admit the conservation of energy, since on no part 
of the wave front is there enough energy available to change the 
atom suddenly from a state of low energy to a state of higher 
energy. What evidence we have is, however, strongly against 
the atom having for any considerable length of time an energy 
intermediate between two stationary states; and if such inter- 


*Cf., e.g., A. H. Compton, Phys. Rev., 21, 483 (1923). 
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mediate states cannot exist, the gradual absorption of radiation 
is not possible. Thus the absorption of energy from waves is 
irreconcilable with the conception of stationary states. 

We have seen that on the theory of virtual radiation the 
energy of the emitting atoms and of the absorbing atoms is only 
statistically conserved. There is according to this view therefore 
no difficulty with supposing that the absorbing atom suddenly 
jumps to a higher level of energy, even though it has not received 
from the radiation as much energy as is necessary to make the 
jump. It is thus possible through virtual oscillators and virtual 
radiation to reconcile the wave theory of radiation with the sud- 
den absorption of energy, and hence to retain the idea of station- 
ary states. 

THE PHOTO-ELECTRIC EFFECT. 

It is well known that the photon hypothesis was introduced by 
Einstein to account for the photo-electric effect. The assump- 
tion that light consists of discrete units which can be absorbed 
by atoms only as units, each giving rise to a photo-electron, 
accounted at once for the fact that the number of photo-electrons 
is proportional to the intensity of the light; and the assumption 
that the energy of the light unit is equal to hv, where h is Planck's 
constant, made it possible to predict the kinetic energy with which 
the photo-electrons should be ejected, as expressed by Einstein's 
well-known photo-electric equation, 


me (Fae - r) = hv — wp. (1) 


Seven years elapsed before experiments by Richardson and 
Compton ® and by Hughes? showed that the energy of the 
emitted electrons was indeed proportional to the frequency less 
a constant, and that the factor of proportionality was close to the 
value of A calculated from Planck's radiation formula. Mullikan’s 
more recent precision photo-electric experiments with the alkali 
metals è confirmed the identity of the constant h in the photo- 
electric equation with that in Planck's radiation formula. De 
Broghe’s beautiful experiments ® with the magnetic spectrograph 


t A. Einstein, clan. d. Phvs., 17, 145 (1905). 

tO. W. Richardson and K. T. Compton, Phil. Maa., 24, 575 (1912). 
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showed that in the region of X-ray frequencies the same equation 
holds, if only we interpret the work function zw, as the work 
required to remove the electron from the Pth energy level of 
the atom. Thibaud has made use of this result 1° in comparing 
the velocities of the photo-electrons ejected by y-rays from differ- 
ent elements, and has thus shown that the photo-electric equation 
(1) holds with precision even for B-rays of the highest speed. 
Thus from light of frequency so low that it is barely able to 
eject photo-electrons from metals to y-rays that eject photo- 


Fic. 1. 


Longitudinal distribution of photo-electrons: or X-rays of three different effective wave-Icngths, 
according to Auger. 

electrons with a speed almost as great as that of light, the photon 

theory expresses accurately the speed of the photo-electrons. 

The direction in which the photo-electrons are emitted is no 
less instructive than is the velocity. Experiments using the cloud 
expansion method, performed by C. T. R. Wilson 1? and others,” 
have shown that the most probable direction in which the photo- 
electron is ejected from an atom is nearly the direction of the 
electric vector of the incident wave, but with an appreciable for- 
ward component to its motion. There is, however, a very con- 
siderable variation in the direction of emission. For example, 


"J. Thibaud, C. R.. 179, pp. 165, 1053, and 1322 (1924). 

"C. T. R. Wilson, Proc. Roy. Soc., A. 104, 1 (1923). 

"A. H. Compton, Bull, Natl. Res. Coun. No. 20, p. 25 (1922); F. W. 
Bubb, Phys. Rev., 23, 137 (1924); P. Auger, C. R., 178, 1535 (1924); 
D. H. Loughridge, Phys. Rev., 26, 697 (1925); F. Kirchner, Zeits. f. Phys., 
27, 385 (1926). 
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if we plot the number of photo-electrons ejected at different 
angles with the primary beam we find, according to Auger, the 
distribution shown in Fig. 1. Each of these curves, taken at a 
different potential, represents the distribution of about 200 photo- 
electron tracks. It will be seen that as the potential on the X-ray 


FIG. 2. 


LateralSdistribution of photo-electrons for incompletely polarized X-rays, according to Bubb. 


tube increases, the average forward component of the photo- 
electron’s motion also increases. 

When polarized X-rays are used, there is a strong preponder- 
ance of the photo-electrons in or near the plane including the 
electric vector of the incident rays. Thus Fig. 2 shows the dis- 
tribution found by Bubb of the direction of the photo-electrons 
ejected from moist air when traversed by X-rays that have been 
polarized by scattering at right angles from a block of paraffin. 
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Because of multiple scattering in the paraffin, the scattered rays 
are not completely polarized, and this is probably sufficient to 
account for the fact that some photo-electrons appear to start 
at right angles with the electric vector. This effect with X-rays 
is doubtless similar in character to the selective photo-electric 
effect discovered many years ago by Pohl and Pringsheim, in 
which the number of electrons ejected by light from the liquid 
surface of sodium-potassium alloy is greater when the electric 
vector is in a plane perpendicular to the surface than when parallel 
to the surface. 

Recent experiments have shown that the direction in which 
the photo-electrons are ejected by X-rays is at least very nearly 
independent of the material from which the electrons come.'* 

Can Electromagnetic Waves Produce Photo-electrons?— 
Before discussing the production of photo-electrons from the 
standpoint of radiation quanta, let us see what success meets the 
attempt to account for them on the basis of electromagnetic 
waves. The fact that they are emitted approximately in the 
direction of the electric vector would suggest that the photo- 
electrons are ejected by the direct action of the electric field of the 
incident rays. If this were the case, however, we should expect 
the speed of the ejected electrons to be greater for greater inten- 
sity of radiation, whereas experiment shows that for the same 
wave-length intense sunlight ejects an electron no faster than 
does the feeble light from a star. Furthermore, the energy avail- 
able from the electromagnetic wave is wholly inadequate. Thus 
in a recent experiment performed by Joffe and Dobronsawov,"* 
X-rays were produced by the impact on a target of 10* to 10° 
electrons per second. Since on the electromagnetic theory an 
X-ray pulse is of the order of 10? waves in length or 107*® seconds 
in duration, the X-ray pulses must have followed each other at 
widely separated intervals. It was found, however, that photo- 
electrons were occasionally ejected from a bismuth particle which 
subtended a solid angle not greater than 10°. It is clearly 
impossible that all the energy of an X-ray pulse which has spread 
out in a spherical wave should spend itself on this bismuth 
particle. Thus on the wave theory the ejection of the photo- 

"E. A. Owen, Proc. Phys. Soc., 30, 133 (1918); Auger, Kirchner, 
Loughridge, loc. cit. 

* A. Joffe and N. Dobronsawov, Zeits. f. Phys., 34, 889 (1925). 
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electron, which has almost as much energy as the original cathode 
electron, could not have been accomplished by a single pulse. It 
cannot therefore be the direct action of the electric vector of the 
wave, taken in the usual sense, which has ejected the electron. 

We may assume, on the other hand, that the energy is grad- 
ually absorbed in the bismuth particle of Joffe’s experiment until 
an amount hv has accumulated, which is then spent in ejecting 
the photo-electron. We have already called attention to the fact 
that this gradual absorption hypothesis implies the existence of 
stationary states in the atom having infinitesimal gradations of 
energy, whereas the evidence is very strong that atoms cannot 
endure except in certain definitely defined stationary states. But 
new difficulties also arise. Why do the photo-electrons tend to 
start in the direction of the electric field of the incident wave? 
If we suppose that it is the gradual absorption of energy from 
a wave which liberates the electron, why does there exist a ten- 
dency for the electron to start with a large component of its 
motion in a forward direction? The forward impulse due to the 
radiation pressure as the energy is gradually absorbed will be 
transferred to the atom and not left with absorbing electron. 
The accumulation hypothesis is thus difficult to defend. 

Photons and Photo-electrons.——On the photon theory it is 
possible to account in a simple manner for most of the properties 
of the photo-electrons. We have seen how Einstein was able 
to predict accurately the velocity of the photo-electrons, assuming 
only that energy is conserved when a photon acts on an electron. 
In order to account for the direction of emission we must ascribe 
to the photon some of the properties of an electromagnetic pulse. 
Bubb introduced the suggestion 7° that we ascribe to the photon 
a vector property similar to the electric vector of an electromag- 
netic wave, so that when the photon traverses an atom the eiec- 
trons and the nucleus receive impulses in opposite directions 
perpendicular to the direction of propagation. Associated with 
this electric vector, we should also expect to find a magnetic vector. 
Thus if an electron is set in motion by the electric vector of the 
photon at right angles to the direction of propagation, the mag- 
netic vector of the photon will act on the moving electron in the 
direction of propagation. This is strictly analogous to the 
radiation pressure exerted by an electromagnetic wave on an elec- 


* E,W. Bubb, Phys. Rev., 23, 137 (1924). 7 o 
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tron which it traverses, and means that the torward momentum 
of the absorbed photon is transferred to the photo-electron. 

In the simplest case, where we neglect the initial momentum 
of the electron in its orbital motion in the atom, the angle 
between the direction of the incident ray and the direction of 
ejection is found from these assumptions to be, 

0 = tan V 2/a, (2) 
where a=y/À, and y=h/mc=0.0242 A. The quantity a is 
small compared with unity, except for very hard X-rays and 
y-rays. Thus for light, equation (2) predicts the expulsion of 
photo-electrons at nearly go degrees. ‘This is in accord with the 
rather uncertain data which have been obtained with visible and 
ultra-violet light.?® 

The only really significant test of this result is in its appli- 
cation to X-ray photo-electrons. In Fig. I are drawn the lines 
6., & and 0, for the three curves, at the angles calculated by 
Auger from equation (2). It will be seen that they fall very 
satisfactorily in the direction of maximum emission of the photo- 
electrons. Similar results have been obtained by other investi- 
gators.17 This may be taken as proof that a photon imparts not 
only its energy, but also its momentum to the photo-electrons.’® 

If the angular momentum of the atomic system from which 
the photo-electron is ejected is to be conserved when acted upon 
by the radiation, the electron cannot be ejected exactly in the 
direction of 9, but must receive an impulse in a direction deter- 
mined by the position of the electron in the atom at the instant 

“Cf. A. Partsch and W. Hallwachs, Ann. d. Phys., 41, 247 (1913). 

"W. Bothe, Zeits. f. Phys., 26, 59 (1925); F. Kirchner, Zeits. f. Phys., 
27, 385 (1926). 

* Since this was written, experiments by Loughridge (Phys. Rev., 30, 
1927) have been published which show a forward component to the photo- 
electron’s motion which seems to be greater than that predicted by equation 
(2). Williams, in experiments as yet unpublished, finds that the forward com- 
ponent is almost twice as great as that predicted by this theory. These results 
indicate that the mechanism of interaction between the photon and the atom 
must be more complex than here postulated. The fact that the forward 
momentum of the photo-electron is found to be of the same order of magnitude 
as that of the incident photon, however, suggests that the momentum of the 
photon is acquired by the photo-electron, while an additional forward impulse 
is imparted by the atom. Thus these more recent experiments also support the 


view that the photo-electron acquires both the energy and the momentum of 
the photon. 
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it is traversed by the photon.!? Thus we should probably con- 
sider the electric vector of the X-ray wave as defining merely 
the most probable direction in which the impulse should be 
imparted to the electron. This is doubtless the chief reason 
why the photo-electrons are emitted over a wide range of angles 
instead of in a definite direction, as would be suggested by 
the calculation just outlined. 

It will readily be seen that if the time during which the 
photon exerts a force on the electron is comparable with the 
natural period of the electron in the atom, the impulse imparted 
to the electron will be transferred in part to the positive nucleus 
about which the electron is moving. The fact that the photo- 
electrons receive the momentum of the incident photon means 
that no appreciable part of the photon’s momentum is spent on 
the remainder of the atom. This can only be the case if the time 
of action of the photon on the electron is short compared with the 
time of revolution of the electron in its orbit. Such a short 
duration of interaction is a natural consequence of the photon 
conception of radiation, but is quite contrary to the consequences 
of the electromagnetic theory. 

The Photo-electric Effect and Virtual Radiation.—lIt is to be 
noted that none of these properties of the photo-electron is incon- 
sistent with the virtual radiation theory of Bohr, Kramers and 
Slater. The difficulties which applied to the classical wave theory 
do not apply here, since the energy and momentum are conserved 
only statistically. There is nothing in this theory, however, 
which would enable us to predict anything regarding the motion 
of the photo-electrons. The degree of success that has attended 
the application of the photon hypothesis to the motion of these 
electrons has come directly from the application of the conser- 
vation principles to the individual action of a photon on an 
electron. The power of these principles as applied to this case 
is surprising if the assumption is correct that they are only statis- 
tically valid. 


PHENOMENA ASSOCIATED WITH THE SCATTERING OF X-RAYS. 


As is now well known, there is a group of phenomena asso- 
ciated with the scattering of X-rays for which the classical wave 
theory of radiation fails to account. These phenomena may be 


*Cf. A. H. Compton, Phys. Rev., 1928. 
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considered under the heads of : (1) The change of wave-length of 
X-rays due to scattering, (2) the intensity of scattered X-rays, 
and (3) -the recoil electrons. 

The earliest experiments on secondary X-rays and y-rays 
showed a difference in the penetrating power of the primary and 
the secondary rays. In the case of X-rays, Barkla and his col- 
laborators showed that the secondary rays from the heavy ele- 
ments consisted largely of fluorescent radiations characteristic of 
the radiator, and that it was the presence of these softer rays 
which was chiefly responsible for the greater absorption of the 
secondary rays. When later experiments 7? showed a measurable 
difference in penetration even for light elements such as carbon, 
from which no fluorescent K or L radiation appears, it was 
natural to ascribe °! this difference to a new type of fluorescent 
radiation, similar to the K and L types, but of shorter wave- 
length. Careful absorption measurements 7? failed, however, to 
reveal any critical absorption limit for these assumed “ J ”’ radia- 
tions similar to those corresponding to the K and L radiations. 
Moreover, direct spectroscopic observations 75 failed to reveal 
the existence of any spectrum lines under conditions for which 
the supposed J-rays should appear. It thus became evident 
that the softening of the secondary X-rays from the lighter ele- 
ments was due to a different kind of process than the softening 
of the secondary rays from heavy elements where fluorescent 
X-rays are present. 

A series of skilfully devised absorption experiments per- 
formed by J. A. Gray 74 showed, on the other hand, that both in 
the case of y-rays and in that of X-rays an increase in wave- 
length accompanies the scattering of the rays of light elements. 

It was at this stage that the first spectroscopic investigations 
of the secondary X-rays from light elements were made.?’ 

*™C. A. Sadler and P. Mesham, Phil. Mag., 24, 138 (1912); J. Laub, 
Ann. d. Phys., 46, 785 (1915). 

” Barkla and White, Phil. Mag., 34, 270 (1917); J. Laub, Ann. d. Phys., 
46, 785 (1915), et al. 

” E.g., Richtmyer and Grant, Phys. Rev., 15, 547 (1920). 

3 E. G. Duane and Shimizu, Phys. Rev., 13, 288 (1919); 14, 389 (1919). 

“J. A. Gray, Phil. Mag., 26, 611 (1913); Jour. Frank. Inst., Nov. 
1920, p. 643. 

* A. H. Compton, Bull. Natl. Res. Coun. No. 20 (1922); Phys. Rev., 22, 
409 (1923). 
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According to the usual electron theory of scattering it is obvious 
that the scattered rays will be of the same frequency as the forced 
oscillations of the electrons which emit them, and hence will 
be identical in frequency with the primary waves which set the 
electrons in motion. Instead of showing scattered rays of the 
same wave-length as the primary rays, however, these spectra 
revealed lines in the secondary rays corresponding to those in the 
primary beam, but with each line displaced slightly toward the 
longer wave-lengths. 

This result might have been predicted from Gray’s absorption 
measurements ; but the spectrum measurements had the advantage 
of affording a quantitative measurement of the change in wave- 
length, which gave a basis for its theoretical interpretation. 

The spectroscopic experiments which have shown this change 
in wave-length are too well known 7° to require discussion. The 
interpretation of the wave-length change in terms of photons 
being deflected by individual electrons and imparting a part of 
their energy to the scattering electrons is.also very familiar. 
For purposes of discussion, however, let us recall that when we 
consider the interaction of a single photon with a single electron 
the principles of the conservation of energy and momentum lead 
us 7 to the result that the change in wave-length of the deflected 
photon is 


h 
k= (1 — cos¢), (3) 


where ¢ is the angle through which the photon is deflected. The 
electron at the same time recoils from the photon at an angle of 8 
given by, 


I 
cot 0 = — (1 + x) tan = o; (4) 
and the kinetic energy of the recoiling electron is, 
2a Cos? 6 
in — / 9 9 oa À 5 
Exin eT E (5) 


The experiments show in the spectrum of the scattered rays 
two lines corresponding to each line of the primary ray. One 

” Cf., e.g.. A. H. Compton, Phys. Rev., 22, 409 (1923); P. A. Ross, 
Prov. Nat. Acad., 10, 304 (1924). 

7A. H. Compton, Phys. Rev., 22, 483 (1923); P. Debye, Phys. Zeits., 
24, 161 (1923). 
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of these lines 1s of precisely the same wave-length as the primary 
ray, and the second line, though somewhat broadened, has its 
centre of gravity displaced by the amount predicted by equation 
(3). According to experiments by Kallman and Mark ?8 and 
by Sharp,?® this agreement between the theoretical and the 
observed shift 1s precise to within a small fraction of I per cent. 

The Recoil Electrons—From the quantitative agreement 
between the theoretical and the observed wave-lengths of the 
scattered rays, the recoil electrons predicted by the photon theory 
of scattering were looked for with some confidence. When this 
theory was proposed, there was no direct evidence for the exist- 
ence of such electrons, though indirect evidence suggested that 
the secondary beta-rays ejected from matter by hard y-rays are 
mostly of this type. Within a few months of their prediction, 
however, C. T. R. Wilson °° and W. Bothe*! independently 
announced their discovery. The recoil electrons show as short 
tracks, pointed in the direction of the primary X-ray beam, mixed 
among the much longer tracks due to the photo-electrons ejected 
by the X-rays. 

Perhaps the most convincing reason for associating these short 
tracks with the scattered X-rays comes from a study of their 
number. Each photo-electron in a cloud photograph represents 
a quantum of truly absorbed X-ray energy. If the short tracks 
are due to recoil electrons, each one should represent the scatter- 
ing of a photon. Thus the ratio N,/N, of the number of short 
tracks to the number of long tracks should be the same as the 
ratio ¢/t of the scattered to the truly absorbed energy when the 
X-rays pass through air. The latter ratio is known from absorp- 
tion measurements, and the former ratio can be determined by 
counting the tracks on the photographs. The satisfactory agree- 
ment between the two ratios*? for X-rays of different wave- 
lengths means that on the average there is about one quantum of 
energy scattered for each short track that is produced. 

This result is in itself contrary to the predictions of the 
classical wave theory, since on this basis all the energy spent on 

*H. Kallman and H. Mark, Naturziss., 13, 297 (1925). 

”H. M. Sharp, Phys. Rev., 26, 691 (1925). 

*C. T. R. Wilson, Proc. Roy. Soc., 104, 1 (1923). 

"W, Bothe, Zcits. f. Phys.. 16, 319 (1923). 


” A. H. Compton and A. W. Simon, Phys. Rev., 25, 306 (1925); J. M. 
Nuttall and E. J. Williams, Manchester Memoirs, 70, 1 (1926). 
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a free electron (except the insignificant effect of radiation pres- 
rure) should reappear as scattered X-rays. In these experiments, 
on the contrary, 5 or I0 per cent. as much energy appears in the 
motion of the recoil electrons as appears in the scattered X-rays. 

That these short tracks associated with the scattered X-rays 
correspond to the recoil electrons predicted by the photon theory 
of scattering becomes clear from a study of their energies. The 
energy of the electron which produces a track can be calculated 
from the range of the track. The ranges of tracks which start in 
different directions have been studied,®* using primary X-rays of 
different wave-lengths, with the result that equation (5) has been 
satisfactorily verified. 

In view of the fact that electrons of this type were unknown 
at the time the photon theory of scattering was presented, their 
existence, and the close agreement with the predictions as to 
their number, direction and velocity, supply strong evidence in 
favor of the fundamental hypotheses of the theory. 

Interpretation of These Experiments——It is impossible to 
account for scattered rays of altered frequency, and for the 
existence of the recoil electrons, if we assume that X-rays consist 
of electromagnetic waves in the usual sense. Yet some progress 
has been made on the basis of semi-classical theories. It is an 
interesting fact that the wave-length of the scattered ray accord- 
ing to equation (3) varies with the angle just as one would 
expect from a Doppler effect if the rays are scattered from an 
electron moving in the direction of the primary beam. Moreover, 
the velocity that must be assigned to the electron in order to 
give the proper magnitude to the change of wave-length is that 
which the electron would acquire by radiation pressure if it should 
absorb a quantum of the incident rays. Several writers ** have 
therefore assumed that an electron takes from the incident beam 
a whole quantum of the incident radiation, and then emits this 
energy as a spherical wave while moving forward with high 
velocity. 

This conception that the radiation occurs in spherical waves, 
and that the scattering electron can nevertheless acquire suddenly 

* Compton and Simon, loc. cit. 

"C. R. Bauer, C. R., 177, 1211 (1923); C. T. R. Wilson, Proc. Roy. Soc., 
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the impulses from a whole quantum of incident radiation is incon- 
sistent with the principle of energy conservation. But there is 
the more serious experimental difficulty that this theory predicts 
recoil electrons all moving in the same direction and with the 
same velocity. The experiments show, on the other hand, a 
variety of directions and velocities, with the velocity and direction 
correlated as demanded by the photon hypothesis. Moreover, the 
maximum range of the recoil electrons, though in agreement with 
the predictions of the photon theory, is found to be about four 
times as great as that predicted by this semi-classical theory. 

There is nothing in these experiments, as far as we have 
described them, which is inconsistent with the idea of virtual 
oscillators continually scattering virtual radiation. In order to 
account for the change of wave-length on this view, Bohr, 
Kramers and Slater assumed that the virtual oscillators scatter 
as if moving in the direction of the primary beam, accounting 
for the change of wave-length as a Doppler effect. They then 
supposed that occasionally an electron, under the stimulation of 
the primary virtual rays, will suddenly move forward with a 
momentum large compared with the impulse received from the 
radiation pressure. Though we have seen that not all of the 
recoil electrons move directly forward, but in a variety of differ- 
ent directions, the theory could easily be extended to include the 
type of motion that is actually observed. 

The only objection that one can raise against this virtual 
radiation theory in connection with the scattering phenomena as 
viewed on a large scale, is that it is difficult to see how such a 
theory could by itself predict the change of wave-length and the 
motion of the recoil electrons. These phenomena are directly 
predictable if the conservation of energy and momentum are 
assumed to apply to the individual actions of radiation on elec- 
trons; but this is precisely where the virtual radiation theory 
denies the validity of the conservation principles. 

We may conclude that the photon theory predicts quantita- 
tively and in detail the change of wave-length of the scattered 
X-rays and the characteristics of the recoil electrons. The virtual 
radiation theory is probably not inconsistent with these experi- 
ments, but is incapable of predicting the results. The classical 
theory, however, is altogether helpless to deal with these 
phenomena. 
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The Origin of the Unmodified Line.-—The unmodified line is 
probably due to X-rays which are scattered by electrons so firmly 
held within the atom that they are not ejected by the impulse from 
the deflected photons. This view is adequate to account for the 
major characteristics of the unmodified rays, though as yet no 
quantitatively satisfactory theory of their origin has been pub- 
lished.” It is probable that a detailed account of these rays will 
involve definite assumptions regarding the nature and the dura- 
tion of the interaction between a photon and an electron; but it 
is doubtful whether such investigations will add new evidence as 
to the existence of the photons themselves. 

A similar situation holds regarding the intensity of the scat- 
tered X-rays. Historically it was the fact that the classical 
electromagnetic theory is unable to account for the low intensity 
of the scattered X-rays which called attention to the importance 
of the problem of scattering. But the solutions which have been 
offered by Breit,” Dirac *‘ and others *° of this intensity problem 
as distinguished from that of the change of wave-length, seem 
to introduce no new concepts regarding the nature of radiation 
or of the scattering process. Let us therefore turn our attention 
to the experiments that have been performed on the individual 
process of interaction between photons and electrons. 


INTERACTIONS BETWEEN RADIATION AND SINGLE ELECTRONS. 


The most significant of the experiments which show depart- 
ures from the predictions of the classical wave theory are those 
that study the action of radiation on individual atoms or on indi- 
vidual electrons. Two methods have been found suitable for 
performing these experiments, Geiger’s point counters, and 
Wilson's cloud expansion photographs. 

(1) Test for Coincidences with Fluorescent X-rays.—Bothe 
has performed an experiment °° in which fluorescent K radiation 


“Cf., however, G. E. M. Jauncey, Phys. Rev., 25, 314 and 723 (1925): 
G. Wentzel, Zeits. f. Phys., 43, 14,779 (1927); I. Waller, Nature, July 30. 
1927. It is possible that the theories of the latter authors may be satistactory, 
but they have not yet been stated in a form suitable for quantitative test. 

* G. Breit, Phys. Rev., 27, 242 (1926). 

=P, A. M. Dirac, Proc. Roy. Soc., A. (1926). 

*W. Gordon, Zeits. f. Phys., 40, 117 (1926); E. Schrodinger, Ann. d. 
Phys., 82, 257 (1927); O. Klein, Zeits. f. Phys., 41, 407 (1927) ; G. Wentzel, 
Zeits. f. Phys., 43 (1927). 

» W. Bothe. Zeits. f. Phys., 37, 547 (1920). 
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trom a thin copper foil is excited by a beam of incident X-rays. 
The emitted rays are so feeble that only about five quanta of 
energy are radiated per second. Two point counters are mounted, 
one on either side of the copper foil, in each of which an average 
of one photo-electron is produced and recorded for about twenty 
quanta radiated by the foil. If we assume that the fluorescent 
radiation is emitted in quanta of energy, but proceed in spherical 
waves in all directions, there should thus be about 1 chance in 20 
that the recording of a photo-electron in one chamber should be 
simultaneous with the recording of a photo-electron in the other. 

The experiments showed no coincidences other than those 
which were explicable by such sources as high-speed beta par- 
ticles which traverse both counting chambers. 

This result is in accord with the photon hypothesis. For if a 
photon of fluorescent radiation produces a beta-ray in one count- 
ing chamber it cannot traverse the second chamber. Coincidences 
should therefore not occur. 

According to the virtual radiation hypothesis, however, coin- 
cidences should have been observed. For on this view the fluores- 
cent K radiation is emitted by virtual oscillators associated with 
atoms in which there is a vacancy in the K shell. That is, the 
copper foil can emit fluorescent K radiation only during the short 
interval of time following the expulsion of a photo-electron from 
the K shell, until the shell is again occupied by another electron. 
This time interval is so short (of the order of 107}* sec.) as to 
be sensibly instantaneous on the scale of Bothe’s experiments. 
Since on this view the virtual fluorescent radiation is emitted in 
spherical waves, the counting chambers on both sides of the foil 
should be simultaneously affected, and coincident pulses in the 
two chambers should frequently occur. The results of the experi- 
ment are thus contrary to the predictions of the virtual radiation 
hypothesis. 

(2) Bothe and Geiger’s Coincidence Experiments. —We have 
seen that according to Bohr, Kramers and Slater's theory, virtual 
radiation is being continually scattered by matter traversed by 
X-rays, but only occasionally is a recoil electron emitted. This 
is in sharp contrast with the photon theory, according to which a 
recoil electron appears every time a photon is scattered. <A 
crucial test between the two points of view 1s afforded by an 
experiment devised and brilliantly performed by Bothe and 
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Geiger.*° X-rays were passed through hydrogen gas, and the 
resulting recoil electrons and scattered rays were detected by 
means of two different point counters placed on opposite sides 
of the column of gas. The chamber for counting the recoil elec- 
trons was left open, but a sheet of thin platinum prevented the 
recoil electrons from entering the chamber for counting the scat- 
tered rays. Of course not every photon entering the second 
counter could be noticed, for its detection depends upon the pro- 
duction of a B-ray. It was found that there were about ten recoil 
electrons for every scattered photon that recorded itself. 

The impulses from the counting chambers were recorded on 
a moving photographic film. In observations over a total period 
of over five hours, sixty-six such coincidences were observed. 
Bothe and Geiger calculate that according to the statistics of the 
virtual radiation theory the chance was only 1 in 400,000 that 
so many coincidences should have occurred. This result therefore 
is in accord with the predictions. of the photon theory, but 1s 
directly contrary to the statistical view of the scattering process. 

(3) Directional Emission of Scattered X-rays —Additional 
information regarding the nature of scattered X-rays has been 
obtained by studying the relation between the direction of ejec- 
tion of the recoil electron and the direction in which the associated 
photon proceeds. According to the photon theory, we have a 
definite relation (equation 4) between the angle at which the 
photon is scattered and the angle at which the recoil electron 
is ejected. But according to any form of spreading wave theory, 
including that of Bohr, Kramers and Slater, the scattered rays 
may produce effects in any direction whatever, and there should 
be no correlation between the directions in which the recoil elec- 
trons proceed and the directions in which the secondary B-rays 
are ejected by the scattered X-rays. 

A test to see whether such a relation exists has been made,*? 
using Wilson's cloud apparatus, in the manner shown diagram- 
matically in Fig. 3. Each recoil electron produces a visible 
track, and occasionally a secondary track is produced by the scat- 
tered X-ray. When but one recoil electron appears on the same 
plate with the track due to the scattered rays, it is possible to tell 
at once whether the angles satisfy equation (4). If two or three 


“W. Bothe and H. Geiger, Zeits. f. Phys., 26, 44 (1924) ; 32, 639 (1925). 
“ A. H. Compton and A. W. Simon, Phys. Rev., 26, 289 (1925). 
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recoil tracks appear, the measurements on each track can be 
approximately weighted. 

Out of 850 plates taken in the final series of readings, thirty- 
eight show both recoil tracks and secondary B-ray tracks. On 
eighteen of these plates the observed angle ¢ is within 20 degrees 
of the angle calculated from the measured value of 9, while the 
other twenty tracks are distributed at random angles. This ratio 
18:20 is about that to be expected for the ratio of the rays 


FIG. 3. 


If the X-rays excite a recoil electron at an angle @, the photon theory predicts a secondary 
B-particle at an angle ¢. 


scattered by the part of the air from which the recoil tracks could 
be measured to the stray rays from various sources. There is 
only about 1 chance in 250 that so many secondary f-rays should 
have appeared at the theoretical angle. 

If this experiment is reliable, it means that there is scattered 
X-ray energy associated with each recoil electron sufficient to 
produce a B-ray, and proceeding in a direction determined at the 
moment of ejection of the recoil electron. In other words, the 
scattered X-rays proceed in directed quanta of radiant energy. 

This result, like that of Bothe and Geiger, is irreconcilable 
with Bohr, Kramers and Slater’s hypothesis of the statistical pro- 
duction of recoil and photo-electrons. On the other hand, both 
of these experiments are in complete accord with the predictions 
of the photon theory. 
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RELIABILITY OF EXPERIMENTAL EVIDENCE. 


While all of the experiments that we have considered are 
difficult to reconcile with the classical theory that radiation con- 
sists of electromagnetic waves, only those dealing with the indi- 
vidual scattering process afford crucial tests between the photon 
theory and the statistical theory of virtual radiation. It becomes 
of especial importance, therefore, to consider the errors to which 
these experiments are subject. 

When two point counters are set side by side, it 1s very easy 
to obtain coincidences from extraneous sources. Thus, for exam- 
ple, the apparatus must be electrically shielded so perfectly that a 
spark on the high-tension outfit that operates the X-ray tube may 
not produce coincident impulses in the two counters. Then there 
are high-speed alpha- and beta-rays, due to radium emanation in 
the air and other radio-active impurities, which may pass through 
both chambers and produce’ spurious coincidences. The method 
which Bothe and Geiger used to detect the coincidences, of record- 
ing on a photographic film the time of each pulse, makes it 
possible to estimate reliably the probability that the coincidences 
are due to chance. Moreover, it is possible by auxiliary tests to 
determine whether spurious coincidences are occurring—tor 
example, by operating the outfit as usual, except that the X-rays 
are absorbed by a sheet of lead. It is especially worthy of note 
that in the fluorescence experiment the photon theory predicted 
absence of coincidences, while in the scattering experiment it pre- 
dicted their presence. It is thus difficult to see how both of these 
counter experiments can have been seriously affected by syste- 
matic errors. 

In the cloud expansion experiment the effect of stray radiation 
is to hide the eftect sought for, rather than to introduce a spuri- 
ous effect. It is possible that due to radio-active contamination 
and to stray scattered X-rays beta particles may appear in differ- 
ent parts of the chamber, but it will be only a matter of chance 
if these beta particles appear in the position predicted from the 
direction of the ejection of the recoil electrons. It was in fact 
only by taking great care to reduce such stray radiations to a 
minimum that the directional relations were clearly observed in 
the photographs. It would seem that the only form of consistent 
error that could vitiate the result of this experiment would be 
the psychological one of misjudging the angles at which the beta 
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particles appear. It hardly seems possible, however, that errors 
in the measurement of these angles could be large enough to 
account for the strong apparent tendency for the angles to fit with 
the theoretical formula. 

It is perhaps worth mentioning further that the initial publi- 
cations of the two experiments on the individual scattering process 
were made simultaneously, which means that both sets of experi- 
menters had independently reached a conclusion opposed to the 
statistical theory of the production of the beta rays. 


SUMMARY. 


The classical theory that radiation consists of electromagnetic 
waves propagated in all directions through space affords no ade- 
quate picture of the manner in which radiation is emitted or 
absorbed. It is inconsistent with the experiments on the photo- 
electric effect, and is entirely helpless to account for the change 
of wave-length of scattered radiation or the production of 
recoil electrons. 

The theory of virtual oscillators and virtual radiation which 
are associated statistically with sudden jumps of atomic energy 
and the emission of photo-electrons and recoil electrons, does not 
seem to be inconsistent with any of these phenomena as viewed 
on a macroscopic scale. This theory, however, seems powerless 
to predict the characteristics of the photo-electrons and the recoil 
electrons. It is also contrary to Bothe’s and Bothe and Geiger’s 
coincidence experiments and to the ray track experiments relating 
the directions of ejection of a recoil electron and of emission of 
the associated scattered X-ray. 

According to the photon theory, the production and absorp- 
tion of radiation is very simply connected with the modern idea 
of stationary states. It supplies a straightforward explanation 
of the major characteristics of the photo-electric effect, and it 
accounts in the simplest possible manner for the change of wave- 
length accompanying scattering and the existence of recoil elec- 
trons. Moreover, it predicts accurately the results of the 
experiments with individual radiation quanta, where the statistical 
theory fails. 

Unless the three experiments on the individual events are 
subject to improbably large experimental errors, the conclusion is, 
I believe, unescapable that radiation consists of directed quanta of 
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energy, t.e., of photons, and that energy and momentum are 
conserved when these photons interact with electrons or atoms. 
Let me say again that this result does not mean that there 1s 
no truth in the concept of waves of radiation. The conclusion 
is rather that energy is not transmitted by such waves. The 
power of the wave concept in problems of interference, refraction, 
etc., is too well known to require emphasis. Whether the waves 
serve to guide the photons, or whether there is some other relation 
between photons and waves is another and a difficult question. 
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AFTER devoting over twenty-five years to the development 
and manufacturing of a line of recording instruments covering 
almost every industrial application, in which, for example, it is 
desired, in a manufacturing or power plant or the like, to have 
permanent records of pressures, temperatures, voltages, speeds, 
or any other physical quantities varying with time, that occur in 
the operation of such plants, there seemed to be very few needs 
or applications that had not already been taken care of by some 
special type of these recording instruments. 

In 1915, I conceived the idea of recording simultaneously 
what is seen and heard in permanent form, so that such records 
may be reproduced at any future time or place as if the characters 
were really present, talking and acting. 

The method chosen to accomplish this was to record simulta- 
neously the sound on a phonograph disc at the same time that the 
motion pictures of the persons and scenes of action were photo- 
graphically recorded on a “ movie ” film. 

By reproducing the sound record and the film simultaneously 
and synchronously the sounds and actions are heard and reénacted 
as in the original. This method combines the two arts of phono- 
graph recording and motion picture photography without 
involving any radically different methods of recording the sound 
or necessitating any change in the picture film itself. At the 
present time there are two general types of synchronized motion 
pictures in use—one, similar to that of the author, using a 
phonograph disc for recording the sound, and the other photo- 
graphically recording the sound on the edge of the film. 

The second method may be discussed and dismissed in a word. 

It seems to the author that the advantages of the first of these 
two methods over the second may be summarized as follows: 

If a film is broken and a piece of it 1s lost, there will be a 
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resulting loss of both the sound record and the photographic 
record. 

The sound record which is made on the side of the film neces- 
sarily uses up a portion of the sensitive area of the film. In the 
16-mm. width of film, or other narrow films, this use limits 
by so much the amount of the film available for photographing 
the action. 

In the next place, the apparatus required, both for the making 
of the original record and for the reproduction on the screen of 
the picture, is intricate and exceedingly sensitive, requiring most 
careful attention. Whether the sound-wave be recorded by the 
use of an oscillograph or the photo-electric cell, the same require- 
ments have to be met. Wherever the picture is to be reproduced, 
there must be the necessary apparatus and skilled attention. 

Finally, in the speaker’s opinion, it will be found that the 
scratching and scarring of a record, due to repeated use, will 
mar the photographic record of the sound and will affect harm- 
fully the reproduction of the sound. 

At the beginning of my work on this development in I915, 
it was realized that it would be necessary, first, that the pictures 
and records should be made simultaneously and synchronously. 
Second, that it would not be practicable to connect the mechan- 
ism for recording the sound directly to the camera in the studio. 

The first thought was that possibly two synchronous motors 
could be used, one for driving the camera and the other for 
synchronously driving the sound-recording mechanism. As no 
synchronous motors were available which would start from rest 
with torque and synchronously accelerate to full speed, it was 
necessary to develop a synchronizing system to meet these require- 
ments. The special synchronizing system to be described was 
developed, which permits making the sound records at any loca- 
tion simultaneously and synchronously with the taking of the 
motion pictures in the studio, or elsewhere. 

The purpose of this paper is to present in condensed form 
the author’s method of making and reproducing synchronized 
motion pictures. Particular emphasis will be given to the elec- 
trical synchronization of the original sound record with the 
original motion picture film and to a detailed description of 
simple electrical synchronizers for synchronously operating the 
reproducing phonograph record turn-table and the motion picture 
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projector, and also to a description of the method by which the 
motion picture film may be retarded, or advanced, with respect 
to the record during the very course of the projection of the film 
on the screen. 

The design and development of the apparatus necessary for 
making and reproducing talking motion pictures of this type 
covered several fields of engineering science. Phonograph record- 
ing has always been a more or less secret process carried on behind 
locked doors. The knowledge and experience for doing finished 
work were confined to the larger phonograph companies. It was 
soon realized that acoustic recording for talking pictures, with a 
horn, would be impracticable because the person to be recorded 
would have to be very close to the horn in order to register, and 
the horn could not be concealed in the picture. 

The development of the present electrical recording system, 
consisting of a high-quality microphone and amplifier apparatus, 
became available when the vacuum tube had been perfected to 
its present reliable and efficient form. However, since micro- 
phone and amplifier technique have been so highly developed for 
radio broadcasting, public address systems, sound intensity meas- 
urements and the like, it is not deemed within the scope of a 
general paper like this to enter into details of this part of the 
apparatus. It will suffice to say that the use of the microphone 
and amplifier allows for more latitude than the older system of 
horn recording, as well as affords a method of reproduction of 
a superior and more natural quality of the sound, which is largely 
due to the fact that the microphone may be highly damped in 
order to give a uniform frequency response; its relatively minute 
output may then be highly amplified and applied to a greatly 
damped recording device driven by the amplified energy. 

Motion picture technique is well known and requires no atten- 
tion here. The problem of synchronizing the sound record and 
the photographic image is the vital one. As already stated, it 
would be impracticable to attempt rigidly to fasten the recording 
machine with its delicate devices directly to the camera. The 
synchronizing system which has been developed for driving the 
camera and the recording machine, and also for reproducing the 
sound record with the motion picture, consists of two special 
synchronizers, one of which generates the electrical energy in its 
magnetic field to feed the field of the other. The rotors or 
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armatures of both synchronizers are energized from an alternat- 
ing-current line. When the armature of one of the synchro- 
nizers is turned by an outside source of power, the armature of 
the other synchronizer turns the same amount and at the same 
speed. Torque is developed from rest with these synchronizers, 
thus making it possible to transmit power electrically from one 
synchronizer to the other, and-with perfect synchronism. The 
principle of construction, details and applications of these syn- 
chronizers will be explained later, illustrated by slides, models, 
and working apparatus. 

Having recorded synchronously the sound on a phonograph 
record and the action on a motion picture film, the next problem 
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to be solved was the reproduction of the picture on the screen in 
perfect synchronism with the sound of the record. In other words, 
the turn-table which rotates the sound record must be run abso- 
lutely synchronously with the motion picture projector. When 
this work was first begun, the ordinary phonograph was used 
for reproduction and was located in front of the screen, one of 
the synchronizers previously described being attached to the 
phonograph and the other to the projector. 

We realized quickly that the reproduction of the sound 
must be electrical in character, with a _ loud-speaking tele- 
phone near the screen, and with the turn-table located in the 
booth, by the projector, for the convenience of the operator. A 
carbon granule phonograph reproducer was made, using a battery 
for energizing the carbon granules, which developed considerably 
more volume than the phonograph of the earlier date. This 
device has passed through gradual development and now affords 
a very simple electrical reproducer without vacuum tube amplifi- 
cation. An illustration of this carbon pick-up is shown in Fig. 1. 

Inherent limitations in the carbon granule device have resulted 
in a further development of a high-quality electromagnetic pick-up 
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which will be later described in detail. An amplifier and loud 
speaker have been developed to complete the sound-reproducing 
system. 

In the exhibition of the talking motion pictures the film is 
started at a marked point at the beginning of the film, and the 
reproducing needle is engaged in the beginning of the first 
groove, this groove being eccentric and easy to locate. 

When the complete apparatus is set into operation, the picture 
and sound will be in perfect synchronism and will stay so through- 
out the length of the film record. 

In actual service, films are often injured and sections cut off. 
In making repairs care should be taken to replace pieces of film 
of the same lengths as the parts that have been cut out, so that 
perfect synchronism will be maintained. In order to provide 
against errors that might be made in making repairs of the film, 
or, possibly, to provide against an error in locating the starting- 
point of the film in the projector, or in setting the needle on the 
starting-point of the record, a unique re-synchronizing method 
has been devised. By means of this method the film may be 
advanced or retarded with respect to the sound record, even 
during the projection of the pictores; without affecting the quality 
of the sound reproduction. 

Thus, we have a perfect synchronizing system which affords 
opportunity of making corrections for any possibility of imper- 
fect lengths of film or permits the operator to make corrections 
for accidental errors in starting—all without stopping the 
performance. 

This unique feature is accomplished by mounting the field 
winding frame of one of the synchronizers in trunnion bearings 
within which the armature bearings are located, thus allowing 
the field frame of one of the synchronizers to be rotated with 
reference to its armature independently of the rotation of 
the armature. 

When one of the armatures is revolved at a given speed, its 
speed with reference to its field can be changed by rotating man- 
ually the field frame in its trunnion bearings. Ordinarily, when 
transmitting power from one of the synchronizers to the other 
the field frames are stationary, and the speed of the second arma- 
ture will be the same as that of the first. If the field frame of 
the first synchronizer is rotated, the speed of the second armature 
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will be the same as the new speed of the first armature relative 
to its field, and not the actual speed of the first armature. This 
will be further described and illustrated with models. 

As has already been pointed out, success in originally produc- 
ing synchronized phonograph records and motion pictures 
depends upon the use of electrical synchronization so that the 
phonograph record of the sound may be made at any desired 
distance away from the motion picture camera. However, in the 
reproduction of the phonograph records synchronously with the 
projection of the pictures on the screen, systems of direct 
mechanical connection between the phonograph turn-table and the 
projector are being used to-day. These directly mechanically 
connected turn-tables and projectors do not afford any opportun- 
ity for re-synchronization without introducing differential gear- 
ing, or some mechanical equivalent which would be more or less 
complicated and tend to introduce vibrations which would 
seriously affect the perfect reproduction of the sounds, especially 
of music. 

As has already been indicated, it will be seen that the electrical 
synchronizers which have been previously described afford ideally 
simple means for re-synchronizing. A striking feature of the 
working of the two synchronizers is that their action is not 
affected by considerable variation of the voltage, or of the fre- 
quency, of the alternating current by which the rotors are 
energized. Other advantages of this electrical system of syn- 
chronizing will be presented later. 

We will now describe the basic principles upon which the 
synchronizers are constructed and also the method of re-synchro- 
nizing. For a period of years, I had used similar systems for 
recording and indicating motion at a distance; the solution of the 
synchronizing problem was a natural outgrowth of this work. 

When in 1915 application was made for a patent on the 
synchronizers for synchronizing phonograph records and motion 
pictures, it was discovered that the fundamental principle involved 
had been patented previously by Dr. Carl J. A. Michalke, of 
Berlin, for the purpose of indicating and transmitting motion 
to a distant point. 

Fig. 2 is a diagrammatic representation of two synchronizers. 
The rotors, or armatures, R and R’, are fed from the alter- 
nating-current line as indicated, while the field windings 4, B, 
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C and A’, B’, C’ are interconnected, as shown, by wires D, E 
and F. 

Assume that the power is to be transmitted from the rotor, 
or armature, R to R’. When the alternating current is turned 
on, both rotors will instantly take corresponding positions with 
reference to the field windings 4, B, C and 4’, B’, C’. In the 
position of the rotors as shown in Fig. 2, the rotor R is inducing 
voltage in its field windings 4, B and C. The voltage in B being 
at its maximum, since the lines of magnetic flux are parallel to 
the axis of the core at the rotor. In Æ and C the induced voltages 
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are equal but each less than in B. These voltages are transmitted 
through the wires D, E and F to their corresponding windings 
A’, B’, C’, thus producing three magnetic forces acting on the 
armature R’, which will hold it in an equilibrium position as if 
the rotors were electrically geared together. 

If a source of power is applied to rotor R, revolving it 
through an angle in a clockwise direction, the voltage induced in 
the field coit B will decrease to a point of no voltage after the 
rotor R has turned through an angle of 90°, bringing the mag- 
netic lines of the rotor R perpendicular to those of the field coil 
B. In the meantime the voltage of the field coil C has decreased 
to no voltage and has begun to increase toward the maximum. 
In the coil A the induced voltage has passed through the maxi- 
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mum point and has begun to decrease. From this it will be 
seen that as the rotor R is revolved, maximum voltages are 
induced in its field coils one after the other in a counter-clockwise 
rotation exactly corresponding in rate to the rotation of the 
rotor R in a clockwise direction. 

It will be readily understood that the varying voltages induced 
in the field coils 4, B and C will be transmitted through the wires 
D, E, F to the corresponding field coils A’, B’, C’, where they will 
cause corresponding magnetic forces on the rotor, or armature, 
R’; which will make it revolve exactly as rotor R is revolved and 
with power corresponding to the electrical energy induced in 
the field coils. 

The amount of power which it is possible to transmit with 
synchronizers of this kind is not limited, but depends upon the 
size, mechanical construction and electrical energy supplied to the 
rotors. In the present application, the synchronizers are made 
to transmit as much as one-quarter horsepower and are about the 
same size as a modern quarter horsepower electric motor. 

Fig. 2 may also be used to explain the fundamental principles 
of re-synchronization. 

Suppose the field 4, B, C is rotated one revolution in the 
same direction as its armature R, while the armature itself has 
turned through ten revolutions, the armature R will actually have 
turned only nine revolutions with reference to the field A, B, C. 
The rotor R’ will therefore only have turned nine revolutions, 
although R has actually revolved ten revolutions. 

Again, suppose the field 4, B, C is turned one revolution in 
a direction opposite to that of its armature R, while the armature 
itself has turned through ten revolutions. The result will be that 
the armature R has made eleven revolutions with respect to its 
field A, B, C and the armature R’ will then have made eleven 
turns, although the armature R has actually made only ten 
revolutions. 

The working model shown in Fig. 3 has been made to illus- 
trate, by actual operation, the foregoing principles of the synchro- 
nizer and the method of re-synchronization. Two synchronizers 
are connected by a small cable containing five wires, two of which 
furnish the alternating-current supply to the rotors. The other 
three are the interconnecting wires between the fields. These 
three wires divide the field windings each into three equal parts, 
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and on the finished synchronizers, the windings are distributed 
similarly to those of an induction motor. The rotor of the syn- 
chronizer shown in the front of Fig. 3 can be revolved in either 
direction by the chain drive by means of the front handle, while 
the field of this synchronizer may be rotated in either direction by 
the rear handle. Each armature is provided with a pointer so 
shaped that the armature motion may be easily followed. 


FIG. 3. 
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We are now ready to show the operation of the two model 
synchronizers. It will be observed that upon switching the alter- 
nating current to the armatures there will generally be a motion 
of one or both of the armatures, bringing them into magnetic 
equilibrium or what might be called throwing them into electric 
gear, as previously mentioned. 

If the armature of the front synchronizer is now revolved in 
either direction, the armature of the rear synchronizer will follow 
in step at all different speeds. 

On the disc at the left of Fig. 3 are mounted three small 
incandescent lamps connected across at the three equidistant points 
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of the fields. When the armature of the front synchronizer is 
turned, these lamps show by their increasing and decreasing 
brilliancy the varying induced voltages generated in the three 
field sections. As previously explained, these lamps show how 
the maximum induced voltages occur around the field in a direc- 
tion opposite to the direction of the motion of the armature. 

To illustrate the method of re-synchronization by the model, 
if the armature of the front synchronizer is rotating at a constant 


FIG. 5. 


speed, the pointers will show that both armatures are turning 
exactly together. Then to retard the armature of the rear 
synchronizer, the field of the front synchronizer is revolved by 
the rear handle in the same direction that the armature is moving. 
The amount of retardation will be governed by the number of 
turns or fraction of turns of this field, and the pointers will 
continue to revolve at the same speed but angularly separated. 

Again, assuming that the armatures of both synchronizers 
are revolving together, in order to advance the armature of the 
rear synchronizer, the field of the front synchronizer is turned in 
a direction opposite to that of the rotation of its armature. 
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In Fig. 4 a motion picture projector for standard width film 
is shown with the synchronizer attached for driving it with its 
re-synchronizing handle at the left, convenient for the operator. 
At the right of Fig. 4 is shown the turn-table on which the record 
is placed. Beneath the turn-table on the left side, its synchronizer 
is shown; attached to it is a five-wire cable which is the only 
connection between the turn-table synchronizer and the projector 
synchronizer. The motor located beneath the turn-table on the 
right side drives the turn-table through the worm and gear and 
also drives the armature of the turn-table synchronizer, which in 
turn drives the armature of the projector synchronizer, so that 
the projector is furnished with power for its operation. Perfect 
synchronization of the film with the record on the turn-table is 
thus maintained. 

In Fig. 5 is shown a synchronizer applied to a small projector 
designed for 16-mm. films, together with a turn-table unit which 
is identical with the turn-table unit employed for the professional 
projector shown in Fig. 4, with the exception that the re-synchro- 
nizing handle is located for convenience on the turn-table unit. 
The only connection between the synchronizers is the usual five- 
wire cable shown in Fig. 5. This particular outfit has been 
designed to bring talking moving pictures into the school and the 
home. It will be understood that these synchronizers can be 
applied to any model of motion picture projector. 

Fig. 6 shows the universal turn-table unit suitable for use 
with all types of projectors. In this illustration is shown the 
governor, which maintains absolutely constant speed, this being of 
vital importance for the reproduction of music. 

From the descriptions and illustrations already shown, it may 
be seen that the turn-table unit consists simply of a driving 
motor, a governor, a worm and gear and one of the synchronizers. 
The other synchronizer is attached to the projecting machine 
on a suitable bracket, the two synchronizers being connected only 
by the five-wire cable. There are no commutators to wear or 
spark, and there are no make or break contacts to cause trouble. 
Ball-bearings are used throughout, thus requiring the minimum 
of oiling and attention. 

The electrical synchronizing system has several advantages as 
compared with direct mechanical connection between the turn- 
table and the projector. First, the simplicity of the installation ; 
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a synchronizer can be easily secured to the projector by a suitable 
bracket and connected by the five-wire cable to the turn-table 
synchronizer, which is a part of a self-contained unit that may be 
located at the most convenient place. No further adjustments 
need be made on this turn-table unit at the time of installation. 
Second, the ability to re-synchronize. Third, the advantage of 
being able to apply the synchronizing system to any projector, 
whether made for standard width or 16-mm. width film. 

The sound-reproducing system consists of three parts, the 
electrical pick-up, an amplifier and a loud speaker. The faith- 
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fulness of reproduction depends on the quality of each part of 
the system and is no better than any one of the parts. 

The function of the electrical pick-up is to convert the 
mechanical undulations of the phonograph record groove into 
corresponding electrical oscillations. Any of the well-known 
principles used for microphone, or loud-speaking devices, might 
be adapted for this purpose, but the electromagnetic principle was 
selected because of its adaptability to light vibrating parts, its 
simplicity and ruggedness, and because, with proper design, a high 
degree of fidelity of reproduction was possible. 

The magnetic pick-up consists of a light soft iron armature 
torsionally held between magnetic pole pieces, and surrounded by 
a coil. Motion, as imparted by the needle in the phonograph 
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record groove to the armature, causes an oscillating magnetic flux 
along the armature corresponding to the needle movements; these 
magnetic variations produce corresponding voltages across the 
terminals of the coil surrounding the armature. 

The mechanical and electrical structure of our pick-up is 
shown in Fig. 7. The armature 4 is supported by the torsion 
suspension T, so as to be held equidistant from the pole pieces, 
P, P. The needle is secured to the armature by the set screw S 
and movements of the needle displace the armature around the 
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torsional axis T, increasing and decreasing the gaps between it 
and the lower pole pieces, thus changing the magnetic flux in 
the armature. 

There is practically no motion of the armature in the upper 
gaps, the lower gaps being the active ones. 

The rubber pads, D, furnish damping for the armature. A 
main feature of the construction of this pick-up is its ruggedness 
and reliability as the armature is maintained exactly centrally 
between the pole pieces by the torsion suspension T. 

A special amplifier has been designed for use with this electro- 
magnetic pick-up; also, a long horn, as shown in Fig. 8, has been 
developed for reproduction of speech and music in large 
auditoriums. 
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In the taking of motion pictures, it is of prime importance 
that there be no sounds other than those to be recorded. There- 
fore, when a picture is taken, the camera is placed in a sound- 
proof booth, as shown in Fig. 9, in its position for taking a 
picture of a typical scene. 

In Fig. 10 is shown an exterior view of the sound-proof booth 
and a portion of the scene that was used in a talking motion 
picture. 

A view of the recording machine with a wax disc for making 
the original record is shown in Fig. 11. 

The applications for these synchronized pictures are not 
limited to theatres but may be used for industrial, and particu- 


Fic. 8. 


larly for educational, purposes. In the theatrical field, synchro- 
nized and talking moving pictures are being successfully used as 
produced by the Vitaphone system, with a phonograph turn-table 
directly connected to the projector, and by the DeForrest and the 
Case-Fox systems, where the sound is photographed on the edge 
of the film. It has been demonstrated that the public approves 
of both these types of synchronized motion pictures for vaude- 
ville sketches, news reels and the like, and also for mechanically 
reproduced orchestral music, synchronized with pictures which 
have previously been made. Complete talking motion picture 
dramas have not as yet been presented to the public, but there is 
no reason why they may not be produced with the present, or any 
other, synchronized apparatus. 

Most of the so-called “ educational films ” that have been, or 
are being, distributed should be included in the industrial class, as 


FIG. 9. 
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a large field for this class of motion pictures when synchronized 


they are usually primarily for indirect advertising; there exists 
with the voice to tell the story which will make the pictures more 


194 


REAA A 


| $0) TL dg ea Th y Eg z 

sf Mig ad MAMANE saa tC Ss 

if. Deen et) tr) ON a ees MA UES | ON 

A a! Mi ' ~ Pt Ri A a Ri t s R hi N A cl mj T hy k 4 K yh i de 3 by ei 4 4 A IN 4 hea 4 5 $, N 4 3 > N % Re | 
ot wt) Uae le eee See |, 7 i i Seen var, >), bw 4g tle Ee ee Aai 

Ae Ag ie Set ait WA 4 ALN RAU tg su aa AE) LAG A deat 5, t. m 4 ad et a hy n AN 

W Mh. uy anal A ENA Peacoat Dis ON = BD TSN A aman ty 

d ‘nal al e S RTRT A, th w pies RT bl A Gi á ie da rk nae: f pe g 4 

— ry “no: ar " ay dg Á } i ‘ : Ay es P EE UPE NAN f i 4 <P i or 7 is, aah E 


n a 
h x 
+ 7 k- 


cy TRETA 


7. 
as 


ans 
> nAn 
Sud 


7 re 
Aans ly A, 
7-2 
AS > 
T Ae F 
[ee 


A” 


5 
$ 
E 


all 
DNS; aA 
N K 
ATA 
4 BERA r ~ Ea” 
we Pt % 


> 
pa 
ap 


Pa N > § r - ra 


Fa R “. ola ti | rg 4 7 r p > CIES : 5 P a s Pr DR 
x > re 4 IERE i oer at sy pout Ss d á Sy t z 
a "a >j “I A say tw “ Ay a i- y ? ite e, y j es 

d 7 th A f t+ f Pe J ery Fe IT g K: 
J - «3% s y Ea T Dro O ‘ ne 9 
aR ERE E SNES. r i > 7i EN 


~ 
s AS gn 

ç Tes 

g -, - F maaa n 


isual 


tures are already firmly established in the field of v 


education, but by the addition of synchronized sound, their value 


interesting and entertaining. For truly educational purposes, 
motion pic 


will be greatly enhanced, as it will make it possible for the greatest 
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teachers, lecturers and authorities to be seen and heard at any time 
and in any place. 

I will now let a good T tell you from the screen what he 
thinks of the possibilities of talking moving pictures. 


A TALK BY JOE MITCHELL CHAPPLE ON THE POSSIBILITIES OF THE 
SYNCHRONIZATION OF MOTION PICTURES AND SOUND. 

“ The object of thousands of experiments and of exhaustive 
research has resulted in one of the greatest triumphs of modern 
times. The range of possibilities of what you are looking upon 
now is beyond the most extraordinary imagination. Think of 
President Coolidge here before you with every word of his voice 
and every motion of his lips heard and seen distinctly as if he 
were here in the flesh. All this can be reproduced simultaneously 
to thousands of audiences and millions of people in every country 
in the world. This is its ultimate development—enjoyment and 
entertainment are no longer the luxuries of the few but the heri- 
tage of the masses. It is to make our work play and our play 
work. We have entered a Golden Age where the wealth of 
knowledge of those things contributing to human happiness may 
be distributed in homes, in schools, in all public places, as widely 
as the wind that blows and the air we breathe. Every individual 
having eyes to see and ears to hear may share in the all-compre- 
hensive privileges that have come with this marvellous achieve- 
ment. It has even transcended the ideal of democracy dreamed 
by Jefferson, achieved by Washington and perpetuated by Lincoln, 
giving specifically to each individual the equal, the inalienable 
right to see and hear the best that is to be seen and heard in his 
day and generation. What would we give if we could look upon 
this picture and see the immortal Lincoln in the flesh and hear 
that voice as he spoke those words at Gettysburg? Truly the 
wonders will never cease.” 


THE SENSITOMETRY OF THE BICHROMATED 
GELATIN PROCESS. 


BY 
ARTHUR C. HARDY and FRED H. PERRIN. 


Massachusetts Institute of Technology. 
INTRODUCTION. 


A FEW years ago, Mees?! described a method of using the 
bichromated gelatin process to make colored photomicrographs of 
subjects, such as biological specimens, which are stained in either 
one or two colors. The success of this method when used in our 
laboratory suggested an attempt to adapt it to the photography 
of subjects presenting a greater variety of colors. To do this, 
a knowledge of the sensitometry of the bichromated gelatin 
was prerequisite. 

The sensitometry of gelatino-bromide materials has been 
studied extensively and a standard procedure (summarized by 
Jones in this JouRNAL ?) has been developed for it. Apparently, 
however, very little has been done on the bichromated gelatin 
process, although it was described as early as 1885. A search 
through the literature disclosed very few papers,* and these did 
not contain the kind of data we needed. 

We were therefore obliged to undertake this investigation, 
and are presenting the results for the benefit of others who may 
wish to use this method for the preparation of transparencies in 
any number of colors. It is hoped that they will be of value 
to those pictorial or scientific photographers who desire to make 
colored transparencies, and also that they may offer some sugges- 
tions to photo-engravers and others who are using closely 
allied processes. 

The essential features of the method of preparing two-color 
transparencies will be presented by stating briefly the directions 
given by Mees. Two negatives are first made on panchromatic 
plates, each being exposed behind a filter which is complementary 
to one of the two colors in which the subject was stained. Two 
lantern slide plates are then prepared by being sensitized in a 
solution of ammonium bichromate, rinsed briefly, and dried in 
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a gentle current of air. These are then exposed through the glass 
behind the negatives to a small source of light, one of the nega- 
tives being reversed so that its emulsion side faces the light. The 
action of the light is to make the gelatin of the bichromated 
plates insoluble in hot water. They are then etched in hot water 
until the soluble gelatin is removed and a gelatin image in relief 
remains. These matrices are then “fixed” in hypo, rinsed, 
washed and dried. Each matrix is then dyed to a color simulat- 
ing one of the two colors of the subject and, finally, the two are 
bound with their gelatin sides together to make a lantern slide. 

Although the type of subject that Mees assumed was a very 
simple one, the substitution of complementary red and green 
taking filters and the proper red and green dyes will yield reason- 
ably good results for subjects which do not contain blues or 
saturated yellows provided the requirements of correct tone 
reproduction are satisfied. This implies a knowledge of the 
sensitometric characteristics of the material, and the method of 
determining these will first be presented. 


I. DESCRIPTION OF PROCEDURE. 


The sensitometric method of studying the behavior of 
photographic plates was first used on the ordinary gelatino- 
bromide plates by Hurter and Driffield in 1890, and their method 
of investigation is too well known to require more than passing 
mention. In brief, the procedure as followed to-day is to expose 
the sensitive material in some characteristic manner, usually by 
giving a graded series of exposures in which each exposure is 
double the preceding one. This constitutes a sort of standard 
subject which is easily controlled and is exactly reproducible. 
The sensitive material is then developed and the amount of light 
absorbed by each step of the developed image is measured. From 
these data, a curve can be plotted showing the relation between 
the amount of blackening (optical density) and the exposure 
which produced it. When the exposure is plotted on a loga- 
rithmic scale, this curve is known as the characteristic curve of 
the material and all of the important characteristics of the mate- 
rial can be read directly from it. 

In the present investigation we followed a similar procedure 
with the modifications demanded by the insensitivity of our 
material. In our preliminary work we had followed exactly the 
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technique recommended by Mees? for processing the plates. 
From the characteristic curves thus obtained, we had found that 
this technique might be improved in some minor details, so we 
adopted this improved technique as a standard. Then we investi- 
gated each step of the process individually by varying the con- 
ditions under which it was performed while adhering to the 
standard technique elsewhere. At the close of the investigation 
we found that our technique, which we adopted because it was the 
most satisfactory one we knew at the time, apparently could not 
be improved for making pictures. It is described in detail below. 
The variations from it made at each stage of the investigation 
are described in their appropriate places in Part III since they 
were made only temporarily. 

(1) Sensttizging—The sensitizer recommended by Mees was 
used without modification. The formula is as follows: 


Ammonium bichromate ............cececceee cues 25 gm. 
Waler i644 Ginsu es usec aaa a eaaa 1000 C.C. 
Ammonia (sp. g. 0.88) ........ccceccccecscceces 5 cc 


This solution may be used repeatedly but should be filtered 
each time. The standard time and temperature for sensitizing 
were five minutes and 55° to 65° F. 

Throughout the investigation, Eastman Slow Lantern Slide 
plates of the same emulsion number were employed. It was 
generally found convenient to sensitize them two at a time in a 
tray. When more plates were required, they were sensitized in a 
5 x 7" plate tank with a capacity of one dozen plates. 

(2) Drying.—After the plates were taken from the sensi- 
tizer, they were rinsed under the tap for a few seconds and set 
in racks to dry. Rinsing was made very brief so that the sensi- 
tizer would not be washed from the outer layers of gelatin, thus 
shortening the latitude by reducing the thickness of sensitized 
gelatin. 

Drying was accelerated by placing the plates two or three 
feet from a fan because bichromated gelatin becomes insoluble 
rapidly when wet. Care was taken to avoid a strong draft because 
this has a tendency to cause streaks of uneven sensitivity. 

(3) Exposing—As soon as the plates were dry, they were 
exposed through the glass to a tipless 1000-w. Mazda C lamp 
furnishing 1480 candle-power in the direction of the plate. They 
faced the end of the lamp and were two feet from the filament, 
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the illumination on them being 370 foot-candles or 4000 meter- 
candles. The sensitometer, especially designed in this laboratory 
for slow materials, provided twelve power-of-two steps on a 
time scale, the longest time of exposure being 800 seconds. 
Occasionally a hand-controlled step of 1600 seconds was added. 

(4) Etching.—As soon as the plates had been exposed they 
were etched in water at 130° F. for four minutes. The apparatus 
consisted of a monel metal cage into which the plates were loaded 
and which was immersed in a monel metal tank containing approx- 
imately 10 litres. The tank rested on an electric stove by which 
the temperature was kept constant to + 1° F. The cage was sup- 
ported by a string by which it was raised and lowered about four 
inches, thirty-six times a minute by a motor. 

After etching, the cage containing the plates was dipped into 
a tank of tap water and raised and lowered several times to 
remove any loose gelatin. 

At this stage of the process, the gelatin relief image (matrix) 
still contains the silver halide, some of which has been darkened 
slightly so as to render the differént exposure steps distinctly 
visible. This almost entirely disappears during the fixing process 
which follows, leaving an image consisting simply of different 
thicknesses of transparent gelatin. 

(5) Removal of Silver Halide-—The matrices were “ fixed ” 
in a 30 per cent. solution of plain photographer’s hypo until the 
white silver halide was entirely dissolved. Frequently the plates 
appeared slightly cloudy when removed from this solution, espe- 
cially if the latter was not perfectly fresh, but this seemed to do 
no harm and largely disappeared during washing. 

(6) Washing and Drying—The matrices were washed for 
from ten minutes to an hour in water flowing froma tap. They 
were dried either in still air or in front of a fan, whichever was 
more convenient, since drying conditions at this stage are prob- 
ably unimportant. 

(7) Dyeing.—The dry matrix is simply a transparent gelatin 
relief resembling a flight of steps. The thickness of each step 
might have been determined by appropriate mechanical means 
and used as a measure of the effect of the exposure. However, 
the useful property of the matrix is its ability to absorb a dye in 
varying quantity, and we were not certain that the absorption 
of light by the dyed matrix is related in any simple manner to its 
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thickness, since the light may also produce a differential harden- 
ing towards the action of the dye. For this reason we decided 
to dye the matrices and then measure their light absorption. 

We selected a convenient red dye, Newport Acid Scarlet 2R, 
for the sole reason that it had been used in some previous work. 
The matrices were bathed in a 0.5 per cent. solution of this for 
thirty-two minutes, and on removal were placed on a slanting 
board where the surplus dye on the surface was blown off by 
compressed air. 

(8) Density Measurement.—If T represents the ratio of the 
amount of light transmitted by an absorbing medium to the total 
amount of light incident on its surface, the optical density is 
defined by 


D = log ` 


In gelatino-bromide sensitometry, white light is used as a 
source for density measurement and is transmitted by the devel- 
oped image without appreciable change of quality. In our case 
the image was dyed red and precise readings would have been 
impossible with white light as a source because of the color differ- 
ence in the photometric field. For this reason, a Cooper-Hewitt 
Lab-Arc was used as a source of light, a Wratten No. 62 filter 
being used to screen off all the visible radiation except the green 
line. It should be remembered that the density values determined 
in this manner are significant only in connection with this par- 
ticular dye and with monochromatic light of this particular 
frequency. 

For controlling characteristics in practical picture-making, a 
lower precision than that required in this investigation is per- 
missible so that a simpler method of determining characteristics 
can be used. This method will be outlined later. 


II. THEORY OF THE PROCESS. 


When the density of each step of a sensitometric strip, pre- 
pared as described above, is plotted against the logarithm of the 
exposure producing it, a curve like Curve A of Fig. 1 results. 
It is similar to that of a gelatino-bromide plate. The equation 
of the straight-line portion is 

D = y (log E — log 2), (1) 
where D is the density corresponding to exposure E, y is the slope 


202 A. C. Harpy anp F. H. PERRIN. [J. F. I. 


of the line, and log ¢ is the intercept on the log E axis. The 
quantity t is called inertia and is an inverse measure of the speed 
of the material. For correct reproduction of the tones of the 
subject, all exposures must be kept within this straight-line por- 
tion of the curve.2 The limits of this portion—the region of 
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Effect of diluting the sensitizer. A, standard formula given in text. B, same formula but 
half as strong. : . 


correct exposure—are the toe and shoulder, which are the regions 
of under-exposure and over-exposure, respectively. 

The derivation of equation (1) from purely theoretical con- 
siderations is simple provided the gelatin, which actually contains 
small particles of silver halide, is considered to be homogeneous. 
Let J be the illumination of the surface of the gelatin nearest the 
light during exposure. If the absorption coefficient of the gelatin 
is a, the illumination at a distance x from the surface is 

I, = le”, (2) 
according to the law of absorption. Consequently the exposure 
at a distance + from the surface is 


E, = I,t = Ite-* = Ee“, (3) 
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where ¢ is the time of exposure and E is the exposure at the sur- 
face. Therefore 

ax = ln E — In E, = k (log E — log E,), (4) 
k being the factor which converts natural logarithms to com- 
mon ones. 

Etching the plate removes all gelatin below a degree of hard- 
ness depending upon the etching time and temperature. The 
resulting matrix is bounded on one side by the glass support and 
on the other by a surface over which the hardness or, more pre- 
cisely, the solubility, is constant. This surface of equal hardness 
will be called the isosclerotic surface. It is evidently character- 
ized by the feature that the exposure E’ over it is constant. Of 
course there are an infinite number of such surfaces, but we shall 
restrict the meaning of the term to the one bounding the matrix. 
Therefore the thickness of the matrix is 


A= l (log E — log E’)- (5) 


Under the proper dyeing conditions, the dye may be assumed 
to be uniformly distributed so that the light absorption b of every 
unit cube of gelatin throughout the matrix is the same. Then if 
J is the amount of light incident on a unit area of the plate when 
the latter is viewed, the amount of light transmitted where the 
thickness is A is 


J’ = Je’. (6) 
By definition the density at that point is 
J I1, J 

D = log yr = pny = A. (7) 


Combining equations (5) and (7), 
D = 2 (log E — log E’). (8) 
This exactly corresponds with equation (1) if we put 


b 
Te (9) 
and 
i= F. (10) 
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III. RESULTS OF THE INVESTIGATION. 


As has been mentioned in Part I, a single operation was studied 
by varying the conditions under which it was conducted while 
a standard technique was adhered to elsewhere. The effects ot 
variations in these conditions will now be described. 

(1) Concentration of Sensitiser—The only experiment per- 
formed upon the sensitizer was to dilute it to 50 per cent. of the 
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Effect of storing the plates in a rack in a dark room for the indicated number of hours after 
sensitization. Curve A is of plate exposed as soon as sensitized. 
standard concentration. The result of this was an increase in 
gamma and inertia as shown in Fig. 1. This agrees with the 
results of other investigators. The increase in gamma is due 
to the reduction of the value of a in equation (9), resulting from 
the weakening of the yellow bichromate stain. The increase in 
inertia—about 50 per cent.—is probably due to chemical causes. 
Its magnitude relative to the change in concentration of the sensi- 
tizer is about what was noticed by Eder. Since the plates are 
so slow, it might be worth while rather to try to decrease 
their inertia. 
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(2) Sensitizing Conditions——The conditions under which 
the plates are sensitized are unimportant within wide limits. 
Plates were sensitized for 24%, 5, 10 and 20 minutes at 40°, 50°, 
60° and 70° F. The characteristic curves of all these plates were 
very similar and so are not presented. When sensitized for five 
minutes the spread in gamma was from 1.49 to 1.60—easily 
within experimental error. The plates sensitized for other times 


FIG. 3. 
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Effect of storing the plates in a box in a dark room for the indicated number of hours after 
sensitization. Curve A is of plate exposed as soon as sensitized. 
had sensibly the same gammas but slightly different inertias. 
The spread in inertia time was about four seconds or 15 per 
cent., and the variation was not systematic. As can be seen from 
Fig. 14, this variation is negligible compared with that produced 
by unknown causes. 

The plates sensitized at 70° varied widely in inertia and were 
irregularly etched at the higher densities. A plate sensitized at 
80° could not be used because the gelatin softened. For this 
reason a temperature below 65° F. is advisable, but a temperature 
below 55° seems to reduce the latitude somewhat. 
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The time of sensitizing did not seem to make much difference, 
the only requirement seeming to be that the gelatin become thor- 
oughly soaked. Even 21⁄4 minutes was enough. 

(3) Keeping Qualities —The effect of storing the plates after 
they have been sensitized is pronounced, as Figs. 2 and 3 show. 
These curves are of plates which were sensitized together and 
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Effect of storing the plates in a rack in a dark room for the indicated number of hours after 
exposure. Curve A is of plate etched as soon as exposed. 

then exposed after the lapse of the intervals of time indicated. 
The plates of Fig. 2 were stored in a dark room while those of 
Fig. 3 were stored in a box with their gelatin sides facing each 
other but separated by the spacers which had been used originally 
in packing the plates. 

The important feature shown by these curves is that the 
inertias decrease (or speeds increase) progressively from the 
first; and those of Fig. 2 plotted against time of storage result 
in Curve A of Fig. 5. Apparently the most convenient time to 
use the plates would be when they are between 20 and 40 hours 
old because their speed is fairly constant during this interval. 
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However, the surface of the matrix at the higher densities 
becomes roughly etched after about ten hours, and after about 
seventy hours the etching is markedly irregular, large portions 
of the gelatin that should have dissolved remaining in place. 
When a plate is fresh the gelatin etches off in minute particles, 
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Variation of inertia with time of storage. Data for Curve A from Fig. 2; data for Curve B 
rom Fig. 4. 

but as the plate ages the size of the removed particles increases. 

This reduces the resolving power of the plates. 

(4) Fading of the Latent Image.—The plates also increase 
in speed if stored after being exposed, but at a slightly faster rate 
than in the preceding case. Fig. 4 and Curve B of Fig. 5 
demonstrate this. These curves are of plates which were sensi- 
tized together, allowed to dry, exposed immediately, and etched 
thereafter at the times indicated. Here again the phenomena 
described in the preceding section were observed except that the 
variation with time was greater. Evidently plates should be 
etched as soon as possible after exposure. 

Eder * also obtained, qualitatively, the results described in this 
section and the preceding one. He noticed also that the humidity 
of the room in which the plates are stored affects the rate of 
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change of speed, a high humidity being conducive to a rapid 
change. 

(5) Etching Conditions.—The effect of a high temperature 
or a long time of etching is to decrease the speed (increase the 
inertia) of the material but not to alter its gamma. Figs. 7 and 
8 make this clear. Such a result might be predicted theoretically 
since an increase in etching time or temperature should increase 
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Effect of etching at 90° F. for the number of minutes indicated. Note the negative gamma of 


the two-minute and four-minute curves. 
the inertia E’ by pushing the isosclerotic surface nearer the glass. 
Gamma should not be affected since by equation (9) it depends 
upon the optical absorption of the gelatin only. 

The relation between etching conditions and inertia is more 
clearly shown by Fig. 9, where inertia is plotted against etching 
time for five etching temperatures. The points for each tempera- 
ture seem to lie on a curve whose equation is 

i = im (1 —e-*), (11) 
where t,, is the maximum inertia (for t= «) and k is the time 
rate of increase of inertia. Such a curve was drawn for each 
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temperature, the values of k and i, being computed from the 
coordinates of the four-minute and the thirty-two-minute points. 
These values are given in Table I. 


TABLE I. 

@ k i ne 
140° 0.206 25.9 
130 162 23.1 
120 .120 21.5 
110 .135 14.1 
100 113 9.6 


The values of i, from Table I plotted against 0 fall on a 
straight line whose intercept on the im axis is 9=77°. At any 
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lower temperature i„ should be negative. This conclusion is 
substantiated by Curves A of Fig. 10. These curves are of 
plates that were not etched in the usual sense of the word, but 
were washed for the number of minutes indicated. The action 
that occurs might, of course, be considered etching at a low 
temperature (72°). Evidently im, which is practically attained in 
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210 minutes, is negative. The two-minute and four-minute 
curves of Fig. 6, which are of plates etched at 90°, also exhibit 
negative inertia resulting, however, not from too low a tem- 
perature, but from too short a time. This phenomenon of nega- 
tive inertia is probably due to a reduction of the permeability of 
the gelatin to dye by long exposure. 

In choosing four minutes and 130° for our standard etching 
conditions, we compromised between low inertia (hence short 
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Effect of etching for four minutes at the temperatures indicated. 


exposure time), certainty of satisfactory etch, and short etching 
time. Unfortunately, slight variations from these conditions result 
in comparatively large variations in the inertia of the plates as 
the curve of Fig. g is rising rapidly. Nevertheless, the maximum 
variations need not be more than + 5 sec. and + 2° F., and the 
variations in inertia thus introduced are negligible compared with 
those introduced from other sources (see Sec. 8 and Fig. 14). In 
the case of two-color transparencies, moreover, variations from 
this source can be minimized by etching both plates of a pair 
together. 
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(6) Washing Time.—A very slight increase of inertia is 
produced by increasing the time of washing from five minutes to 
1300 minutes, as Curves B of Fig. 10 show. Curves for 32 min- 
utes and 210 minutes, omitted for the sake of clearness, lie in 
order between the two presented. This indicates that the increase 
of inertia is not due to experimental error, but is due to the 
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Variation of inertia with etching time for the etching temperatures indicated. 


prolongation of the time of washing. The change is so slight, 
however, that in practice it is negligible. 

(7) Dyeing Conditions.—The most important precaution to 
be observed in dyeing is to allow the entire matrix to become 
saturated in order that the necessary density range may be 
attained. That is, a short dyeing time is not sufficient to allow 
the thick parts of the matrix to become saturated, as shown by 
Fig. 11. The low densities should not change as the time is 
increased because a short dyeing time should be just as effective 
in saturating the thinner portions of the matrix as a longer one. 
Undoubtedly the slight variation exhibited is due to experimental 
error since it seems to be unsystematic. 

Vou. 205, No. 1226—15 
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The addition of a comparatively small amount of acetic acid 
to the dye increased the concentration of dye in the gelatin and 
hence gamma, but also increased the time required for complete 
dyeing. The addition of 0.ooo1 per cent. of glacial acetic acid 
produced no perceptible effect, but 0.01 per cent. increased gamma 
so much that the high densities became unreadable. When the 


~ E 


1.5 


1.0 


DENSITY 


0.5 


1.25 25 5 10 20 40 80 160 320 640 
EXPOSURE (mcs. "10~) (Log Scale) 


Effect of time of washing in water at about 72° F. for the number of minutesindicated. A, plates 
fixed and washed as soon as exposed (not etched). B, plates treated as usual. 


dye concentration was reduced to 0.01 per cent. so that gamma 
was approximately what it was before, the curves of Fig. 12 
were obtained. Comparison with Fig. 11 will show clearly the 
retarding effect of the acid. This effect increases as the acid 
concentration increases. For example, a matrix dyed 20 hours 
in a bath containing 0.5 per cent. acid and 0.01 per cent. dye had 
a density of 1.2 at an exposure of 20 x 10t mcs., but no greater 
density beyond that. In view of these results, it would seem 
advisable to use plain dye without acid despite the saving in dye 
that might be effected by the use of acid. Moreover, a large 
amount (¢.g., 0.5 per cent.) of acid causes the surface of the 
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matrix to roughen, and enough acid to produce a perceptible 
effect seems also to conduce to erratic dyeing. 

(8) Reproducibility—As an indication of the reproducibility 
to be expected in practice, the curves of plates made under similar 
conditions (Table II) are replotted in Fig. 14. The variations 


TABLE II. 
Sensitizing. Drying. Minutes 
ee SS gt ee ap bet ween 
Figure. Curves. Sensitizing Date. 
Time. Temp. Temp. Hum. and 
Exposing. 
I A 5 min. 69° 77° 56°% 60 Aug. 16 
B 9 69 77 56 50 Aug. 16 
2-4 A 5 62 74 44 35 June 2 
6-8 5 58 = -= <14 hrs. Apr. 27 
10 13 70 77 56 60 Aug. 16 
II 5 70 77 56 40 Aug. 16 
12 5 73 77 56 40 Aug. 16 
13 A 6 64 77 58 45 yu 28 
B,C 5 6I 77 58 40 uly 28 


are rather large, the slowest plate having about twice the inertia 
of the fastest one, but a little reflection will show that they are 
not too large for practical work. The variations in the humidity 
of the room may have been enough to cause the observed varia- 
tions in characteristics since Eder * has shown that the moisture 
content of plates markedly affects their sensitivity. 

(9) Sensitivity—The mean value of inertia from Fig. 14 
is6x rot mcs. This is about 6 x 10° times slower than amateur 
film and 400 times slower than a representative gaslight paper. 
For making pictures, unfortunately, the illumination cannot be 
made great by using a large number of lights placed near the 
printing frame because the light source must subtend a small angle 
at the frame to make spreading in the glass negligible. An arc 
with 14” carbons placed 50 cm. from the frame was found to be 
a satisfactory source and the exposures were only a few minutes 
long. A feature which compensates for the long exposure is the 
convenience of being able to work in a light room. Most of the 
work can be done in a room artificially lighted to an ordinary 
level. Even the exposures can be made in such a room. 

(10) Factors Governing Latitude.—The chief factor govern- 
ing the latitude of a material of given thickness is the optical 
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absorption of the material during exposure. Fig. 13 shows this. 
Here Curve B is of a plate sensitized in a bath to which was added 
O.I per cent. of acid scarlet. (This dye was chosen simply 
because it was at hand.) Even at 640 x 10* mcs. this curve has 
not developed a shoulder, whereas Curve A developed a shoulder 
at 120x 10‘ mcs. The inertias are the same, however, so the 
latitude of B is greater than that of A. Of course the gamma of 
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Effect of time of dyeing in 0.5 per cent. acid scarlet. 


B is lower than that of A because of the increase in the value of a 
in equation (9), but this can be overcome by dyeing the matrix 
in a more concentrated solution to increase the value of b. 

All these effects of a light restrainer can be shown to follow 
from the theory already developed. Let us suppose that on a 
certain sensitometric strip, the absorption of which is a, a certain 
exposure E, — E is just sufficient to make the isosclerotic surface 
coincide with the free surface of the gelatin. Then at longer 
exposures F,,,, Enso, . . n the relief will not be any higher 
because there is no more gelatin present to be hardened. There- 
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fore, the characteristic curve will have a sharp shoulder at E 
beyond which it will be horizontal. The maximum density is 


Dmax = 2 (log E, — log E’) (12) 


and is a constant if b and E’ are unchanged. Now if the absorp- 
tion is increased from a, to a, by a light restrainer in the 
sensitizer, 


Dmax = 2. (log Es+: — log E’) - (13) 
Evidently the position of the shoulder has been moved to the 
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Effect of time of dyeing in 0.01 per cent. acid scarlet plus 0.01 per cent. acetic acid. 


right from E, to E,,, as shown in Fig. 13. At the same time, 
the restrainer does not increase the inertia of the plate because 
the light producing the lower densities does not penetrate the 
gelatin deeply enough to be greatly affected by the restrainer. 
Thus the latitude is increased. 

In order to be useful a material must possess a certain latitude 
and therefore must have some restrainer incorporated in it. In 
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the carbon process the pigment forming the finished picture acts 
as the restrainer. In the present case the silver halide in the 
emulsion of the plate serves the purpose. It is in particles, how- 
ever, and causes scattering, so the addition of a dye should 
increase the resolving power of the plate by preventing the light 
from penetrating deeply. Also at long exposures some of the 
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Effect of a light restrainer. A, sensitizer made according to standard formula in text. 
B, same sensitizer with 0.1 per cent. acid scarlet added. C, matrix made as usual but not dyed 
to show density due to actinically reduced silver. 
halide is reduced to metallic silver which cannot be removed by 
hypo, but Curve C of Fig. 13 shows that this silver contributes 
almost nothing to the density. The bichromate solution itself, 
being yellow, acts as a restrainer but only to a slight extent in 
comparison with the halide. Fig. 1 shows that diluting it to 
twice its volume produces very little effect. 

In this connection, it is important to note that Richter ? 
prepared plates with a latitude of 160 by using a sensitized gelatin 
in which he incorporated a black pigment. The plates used in 
the present investigation had a latitude of 16. Probably the great 
latitude of Richter’s plates was due to the strength of his 
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restrainer, but perhaps partly to the thickness of his gelatin. If 
the location of the shoulder depends upon the coincidence of the 
isosclerotic surface with the free surface of the gelatin, as has 
been assumed above, a thick coating obviously would have a 
great latitude. This would not be the case, however, if the loca- 
tion of the shoulder depends upon the minimum exposure neces- 
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Curves copied from preceding figures to indicate the reproducibility to be expected when the 
temperature and humidity of the room are not controlled. 


sary to produce some super-hardening of the gelatin competent to 
prevent absorption of dye by the latter. Any such super-harden- 
ing would occur at the glass surface where the exposure is great- 
est, and while an increase in the thickness of the gelatin would 
allow the isosclerotic surface to proceed farther from the glass, 
the surface of super-hardening would follow it and tend to prevent 
an increase in the thickness of gelatin available for being dyed. 
That is, the dyed matrix would be bounded on the front by the 
isosclerotic surface and on the back, not by the glass, but by 
super-hardened gelatin. We do not know that such a phenom- 
enon takes place, however, and mention it merely as a possibility. 
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IV. APPLICATION TO TWO-COLOR PICTURES. 


Since one of the principal uses of bichromated gelatin prob- 
ably will be for two-color pictures, an outline of what we found 
to be a satisfactory method of applying it to this purpose may 
be appropriate. 

Before any pictures are attempted, certain further data must 
be secured so that a standard procedure may be adopted. First 
a piece of film should be exposed in strips in the camera by push- 
ing in the dark slide a short distance at the expiration of two, 
four, eight, etc., seconds, the camera, with its lens removed, being 
aimed at an evenly illuminated surface. This film should be 
treated in all respects just as the negatives for the pictures are to 
be treated. Some matrices of this should be made and cut into 
strips and then each of these strips should be dyed in a different 
concentration of dye, half of them in red dye and half in green. 
From these should be selected a pair which is neutral throughout 
its length and has a gamma of unity or a little more when 
the abscissas of the characteristic curve are the logarithms of 
the exposure times of the negative. (That is, the abscissas of the 
curve of the positive combination are the same as those of the 
curve of the negative.) Of course this examination must be 
made by the kind of light by which the pictures will be viewed. 

We used commercial panchromatic film developed in an elon- 
hydrochinon developer that would give a gamma of unity in 
about four minutes. Since our subjects did not have excessive 
brightness ranges we developed to a gamma of unity. Had they 
had excessive ranges we would have had to develop them to a 
lower gamma and then increase the dye concentration to produce 
a higher transmission range in the positive without exceeding the 
exposure range of the latter. It is well not to make the gamma 
of the negative too low because then they are likely to be 
unevenly developed. 

The choice of dyes depends upon the colors to be reproduced, 
but a red and a green seem to give the best all around results. 
The dyes can be selected by making matrices of the negative that 
has been exposed in strips as described above, dyeing them in 
the dyes being examined, and pairing them at right angles to each 
other in turn. Such a pair exhibits all the colors that can be 
reproduced by the corresponding dyes since the former are 
uniquely determined by the latter. 


— 


—. i r 


Feb., 1928.] BICHROMATED GELATIN PROCESS. 219 


The choice of filters depends upon the predominating colors 
of the subject. We have found four to be enough to try for 
most subjects, Wratten Nos. 25 (A) and 22 (E2) for the red, 
and Nos. 60 (P) and 45 (H) for the green. 

In some special cases the method of selecting dyes and 
filters outlined above can be simplified and the results improved 
at the same time. Many microscopic subjects, histological speci- 
mens in particular, can be treated best by being photographed 
through filters complementary to their stains. The resulting 
matrices should be dyed so as to simulate the stains of the 
section, but the simulation need not be very close since the only 
purpose of the color is to differentiate the parts of the section. 
This particular case is more extensively discussed by Mees. 

The exposure of each negative should be the minimum that 
will keep the picture on the straight-line portion of the charac- 
teristic curve in order to make the exposure times of the positives 
reasonable. To determine the exposures of the positives, the 
density of the image of a white portion of the subject on each of 
the negatives should be measured. The exposure through the 
negative having the densest image can be computed from the 
curves of the positive and the negative materials. The exposures 
through the other negatives can then be computed from the 
consideration that the white portion must be reproduced neutral. 
Of course no combination of dyes used for the picture of a histo- 
logical specimen may be neutral. The white parts of the section 
are simply the clear areas, however, so the exposures of the posi- 
tives can be made short enough to place these areas on the toe of 
the curve and hence be so thin that they appear clear. 
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The Salton Sea, California. (Report and Map Released by the 
Geological Survey for Inspection.)—Lands which have been flooded 
during periods of high water may usually expect quick relief when 
the rivers recede. However, where the flooded lands are below sea- 
level a most unusual condition is created. 

During 1907 heroic measures finally stopped the overflow of the 
Colorado River into Imperial Valley, Calif., but not until a lake, 
known as Salton Sea, had been formed, covering 330,000 acres to a 
maximum depth of 79 feet, containing enough water to cover 
16,000,000 acres to a depth of one foot. As the surface of this lake 
was 194 feet below sea-level, there was no place to which the water 
could drain, and were it not for nature’s pump—evaporation—the 
lake would probably be nearly the same to-day as it was in 1907. As 
a result of evaporation, however, the lake receded until by 1920 it 
covered only 170,000 acres. Since 1920 the lake has been fairly 
stable, due to inflow of natural drainage and a large volume of 
seepage and waste water from irrigated lands in Imperial Valley, but 
what of the future? As the lands under and around the lake have 
economic value, it has seemed advisable to make some sort of a 
prophecy as to what future conditions are likely to be. 

During 1925 the Interior Department, through the Geological 
Survey, made a topographic survey of the Salton Sea, and during 
1927 a study of the problem. A report has recently been prepared 
by George F. Holbrook, an assistant engineer of the Geological 
Survey, which contains a brief history of Salton Sea, describes the 
conditions which surround the lake, and concludes that in order to 
evaporate the amount of water that may be wasted into Salton Sea 
under conditions of ultimate irrigation development, an average 
water-surface area of 239,000 acres will be necessary. This corre- 
sponds to a lake surface of 228 feet below sea-level or some 20 feet 
higher than the present lake surface. The report will not be pub- 
lished but, with the maps, may be examined in manuscript form at 
the office of the Geological Survey in Washington, D. C. 


Blinding Smoke.—According to LeicH F. J. ZERREE (Chem. 
Warfare, 1927, 13, 196-197), blinding smoke is smoke delivered on 
or immediately in front of the enemy by friendly artillery or other 
projecting apparatus or by airplanes. When fire with ball ammuni- 
tion is directed at a line of silhouette targets at a range of 300 
yards, approximately 55 per cent. of the shots hit the target. When 
a smoke screen is set up immediately in front of the targets, and 
firing is repeated, about 12 per cent. of the shots hit the target. 
When the smoke screen is placed immediately in front of the firing 
line, and firing is again repeated, approximately 4 per cent. of the 
shots hit the target. These results demonstrate that, when blinding 
smoke is used by the offense, the fire of the offense is three times 
as effective as the fire of the defense. J. S. H. 


MODERN RESEARCH ON THE STRUCTURES 
OF METALS.* 


BY 
WHEELER P. DAVEY, Ph.D. 


School of Chemistry and Physics, Pennsylvania State College, State College, Penna. 


THE work of an industrial research laboratory falls naturally 
into three divisions: (1) Getting the factory out of manufactur- 
ing difficulties; (2) development of new products and processes ; 
(3) search for new scientific principles which may be applied in 
industry. All three of these are represented in any account of 
research and development work in X-rays. 


(1) SOLUTION OF FACTORY DIFFICULTIES. 


Probably the first work which used X-rays in an effort to 
solve factory problems was done in the Research Laboratory of 
the General Electric Company, at Schenectady. While a large 
steel casting several feet in diameter and about a half an inch 
thick was being machined to size in the factory a tiny crack was 
found in the metal. The casting was taken to the laboratory and 
X-ray pictures were taken. These pictures showed a large hole 
in the inside of the metal. The spot indicated by the pictures 
was punched out and the hole was thus exposed to view. The 
use of X-rays in work of this sort was very expensive, so that 
soon other methods of testing were developed for smooth-faced 
metal, which were just as good and considerably cheaper. The 
X-ray inspection of castings was therefore discontinued at the 
General Electric Company, but it has since been taken up by 
the United States Government at the Watertown Arsenal, where 
an investigation was made of foundry processes. Occasionally, 
too, the arsenal has made X-ray pictures of special castings where 
considerations of human safety have justified the high cost of 
such work. The most outstanding example of this was the X-ray 
inspection of some steam fittings for a new high-pressure steam 
line of the Boston Edison Company. 

Shortly after this, efforts were made by many industries to 
use X-rays in the routine inspection of their products. In some 


* Abstract of paper presented Thursday, November 10, 1927. 
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cases the cost was too high and the attempts were abandoned. 
The less dense the material to be inspected, the cheaper the method 
was and the more likely it was to survive. One shoe company 
developed an apparatus for examining every pair of shoes which 
they made, in order to make sure that no nails stuck through the 
shoes. The General Electric Company, in its Research Labora- 
tory, developed an apparatus for the cheap and rapid X-ray 
inspection of mica. Every large direct-current motor and gener- 
ator and every field-exciter for alternating-current generators 
has mica insulation between the commutator bars. This insula- 
tion is made by pasting together thin sheets of mica to make 
slabs of the proper area and thickness. Some of the mica is 
mined in Canada and some in India, and during transportation, 
in spite of all precautions, impurities get in. These impurities 
range all the way from splinters of wood from the crates to 
strands of wire. Even hairpins and tinfoil are found at rare 
intervals in the X-ray inspection. 

The X-rays not only serve to show the presence of foreign sub- 
stances in the finished product, but also act as a sort of microm- 
eter for measuring the thickness of the mica contained in the 
slab. This is made possible by the fact that the material used 
for sticking the thin sheets of mica together is much more trans- 
parent to X-rays than the mica itself. If, in the course of manu- 
facture, some portion of the slab does not receive its full quota 
of mica, the hole may become filled with the sticker and thus 
appear, on casual inspection, to be of the proper thickness. But 
the X-ray examination shows the defect on a fluorescent screen 


as a bright spot. In this way it is possible to measure within ` 


about two thousandths of an inch the total thickness of mica 
present. Such an X-ray inspection tends to insure the relia- 
bility of our electric power supply, and contributes to the high 
quality of the modern electric motor. 


(2) AIDING DEVELOPMENT WORK. 


X-rays are useful, too, in the development of new products 
and processes and in the standardization of existing satisfactory 
products. As might have been expected from what has already 
been stated, the radiography of metal castings has made it pos- 
sible for the Watertown Arsenal to improve the foundry practice 
of the arsenal. However, most of the development work in 
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which X-rays have played a part is of quite a different sort. Two 
illustrations will serve to show the diversified character of this 
sort of X-ray work. In the manufacture of electric lamps and 
radio tubes, the diameter of the tungsten wire is often so small 
that it cannot be measured with sufficient accuracy with microme- 
ter calipers. Instead, a known length is weighed on a micro- 
balance, the volume is computed from the weight of the wire 
and the density of tungsten, and the diameter is computed from 
the volume and the length. In the standardization of electron 
emission data at the General Electric Company, it became neces- 
sary to know the surface area of the tungsten wires to a higher 
degree of precision. This required a determination of the density 
of tungsten to ten times the accuracy known at that time. The 
necessary precision was obtained by measuring the lattice param- 
eter of crystals of tungsten. Again in a study of some tungsten 
filaments it became desirable to detect the presence of WC. The 
crystal structure of the carbide was determined and certain of its 
properties were predicted. 


(3) DISCOVERY OF NEW FACTS. 


It is in the discovery of new facts on which to base future 
factory processes that we find the greatest usefulness of X-rays. 
Practically all work of this sort depends upon the measurement 
of interatomic distances. These distances are so small that they 
cannot be measured directly. They are of the order of 10% cm. 
By using X-rays of known frequency it is possible to use an 
X-ray diffraction apparatus as a micrometer for measuring these 
extremely small distances. The technique has been refined so that 
such measurements may be made easily with an accuracy of one 
part ina thousand. This sort of apparatus, which was developed 
at the Research Laboratory of the General Electric Company, is 
now. in use in the School of Chemistry and Physics at Penn- 
sylvania State College in investigating the properties of metals 
and their alloys. By measuring these minute distances, it 1s 
already possible to predict some of the mechanical properties of 
metals, and to tell what happens when they form alloys. It 1s 
possible to show why copper is more ductile than iron, and why 
iron is more ductile than arsenic. Similar measurements made 
on tungsten, the material of which lamp filaments are made, 
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make it seem that the Coolidge process now in use is the only 
process by which it can be made into a ductile wire. 

By means of apparatus of this sort it is possible, too, to study 
the effect of mechanical working of metals on the preferred 
orientation of the crystals in the metal. When a crystal of a 
metal is distorted, as by rolling, it-is natural to assume that the 
layers of atoms which glide over each other are those which have 
the greatest interplanar spacings in the crystal. A study of the 
angle which this spacing takes with relation to the direction of 
rolling is of the highest importance in the study of the properties 
of rolled sheets of metal. An example of such work is to be 
found in a preliminary study of tungsten foil which is to be given 
at the next meeting of the American Physical Society. 

A study has been made of the mechanism of melting which 
serves to correlate the melting-point with the total expansion of 
the metal from absolute zero to the melting-point. 

Studies of alloys are of increasing importance, especially when 
the study has to do with alloys of high purity. It has been found 
possible to make wires of certain alloys in a state of extreme 
purity by never allowing the metals to become melted even when 
making the alloy. This work is being done at Pennsylvania 
State College in cooperation with the Research Laboratory ot 
the General Electric Company. 

The reason for the reduction in electrical conductivity, the 
general increase in hardness and strength, and the decrease in 
ductility of alloys seem now to be pretty well established. Some 
of these points may be illustrated by a study of carbon in iron. 

Below goo° C. (1650° F.) pure iron exists as “ alpha iron.” 
In each crystal in the metal the atoms are arranged in a definite 
configuration which is called a “‘ body-centred cubic lattice.” In 
order to visualize this, let us imagine a three-dimensional lattice 
work built up of geometrical lines in such a way that they outline 
a group of cubes, all of equal size and all in close contact with 
their neighbors. Now let us imagine an atom of iron at each of 
the intersections of these lines. Each of these will therefore lie 
at the meeting point of eight of the imaginary cubes. Imagine, 
besides, an additional iron atom placed at the centre of each of 
these cubes. This whole configuration is, then, a “ body-centred 
cubic lattice,” and the structure is called a body-centred cube. Each 
of the cubes in the imaginary framework of lines is called a 
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“unit-cube.”” It is customary among crystallographers to picture 
only one of these unit-cubes, leaving it to the imagination of 
the reader to extend the lattice-work for an indefinite distance 
in all directions. In alpha iron the side of the unit-cube is 
0.000,000.028,55 centimetre (0.000,000,011,23 inch). Between 
goo® C. and 1400° C. (1650 to 2550° F.) pure iron exists as 
“ gamma iron.” Each unit-cube then has an iron atom at each 
corner and one at the centre of each face. This structure is 
called face-centred cubic. The steels have similar structures, 
but the transition temperatures are different. There is no X-ray 
evidence of so-called ** beta iron.” Above 1400° C. (2550° F.) 
iron exists as “delta iron,” which has a body-centred cubic 
structure like alpha iron. 

Just as a regularly planted potato patch appears to have rows 
in different directions, depending upon the direction from which 
it is viewed, in the same way a crystal has planes of atoms in 
different directions through the crystal. The distance between 
adjacent planes will depend upon the direction of those planes 
in the crystal. In a body-centred cube the planes which have the 
greatest spacing are those which contain a cube-edge and a face- 
diagonal. This plane is technically known as a dodecahedral plane 
or aS a I I O plane.’ When alpha iron is mechanically worked 
these 1 1 o planes tend to slide over each other. In the language 
of the metallographers, those planes are “slip planes.” These 
slip planes are held together by the attractive forces between the 
atoms in each plane and the atoms immediately adjacent in the 
planes on each side. A study of a model of a body-centred cubic 
lattice shows that each atom in any given I I O plane is held 
principally by two atoms in the adjacent I I o plane on one side 

*There are several ways in which the atomic planes in crystals might be 
named. One of the most obvious of these is to name the plane by its inter- 
cepts on the axes of reference. The mathematics of crystal structure requires, 
however, the constant use of the reciprocals of these intercepts. For this 
reason it has become customary to name the atomic planes in terms of the 
smallest integers which are proportional to the reciprocals of the intercepts 
of the planes on the axes of references. Thus, the family of parallel planes 
whose intercepts are 12> ©, 200, 3m etc. are all called 1 0 o planes; 
in a cubic crystal they are the atomic planes parallel to the cube face. Simi- 
larly the family of parallel planes whose intercepts are 4 § 1, I 14 2, I1} 2 3, 
etc., are called 4 3 2 planes. These integers are ordinarily called “ Miller 
indices.’ Their use has practically displaced all other methods of naming the 
various possible planes of atoms in crystals. 


226 WHEELER P. DAVEY. [J. F. I. 


and by two other atoms in the adjacent 1 1 o plane on the 
other side. 

In gamma iron the planes which have the greatest spacing 
are those which contain two face-diagonals. Such planes are 
called octohedral or 1 1 1 planes. In a face-centred cubic crystal, 
each atom in a given I I I plane is held principally by three 
atoms in the adjacent I 1 1 plane on one side and by three other 
atoms in the adjacent 1 I 1 plane on the other side. This means 
that the slip planes in gamma iron are much more firmly tied 
together in the direction perpendicular to slip than are the slip 
planes in alpha iron, and the metal can be much more drastically 
worked. This is one of the reasons why steel. is rolled above 
red heat. 

It has been suggested by P. Ludwik that, in some cases at 
least, the effect of alloying elements is to introduce into the 
crystal structure atoms which are so large as to mechanically 
interfere with slip in much the same way that a rough spot on 
a shaft serves to interfere with the motion of the shaft in its 
bearing. In the case of carbon in steel there is still another possi- 
bility. Westgren has shown that in gamma iron most of the 
carbon lies between the 1 1 1 planes, but that in alpha iron most 
of it lies in the 1 0 o planes. The crystal structure of alpha iron 
is such that there are natural tunnels running through each crystal 
parallel to each of the faces of the cube. These tunnels each 
have a cross-section as large as that of an iron atom. Half the 
total volume of a crystal of alpha iron is taken up by these 
tunnels. It is in these tunnels that most of the carbon in 
quenched steel is to be found. Although it has never been proven 
experimentally, there are good theoretical reasons for believing 
that the carbon “atoms ” lie very near to the points where these 
tunnels intersect each other. There is also good reason for 
believing that at room temperature these carbon atoms are rather 
tightly fastened to some of the adjacent iron atoms. In this way 
the 1 I o planes in steel are bonded together more tightly than in 
pure iron, thus largely accounting for the greatest strength of 
martensitic ? steel over pure iron. A somewhat similar bonding 
action may be used to account for the strength of austenitic steel. 

* This is the usual condition of hardened stool steel. Austenitic steel can 


be obtained by very drastic quenching of high-carbon and alloy steel from a 
high temperature. It is considerably “softer” than martensitic steel. 
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When it is remembered that in 0.17 per cent.. steel the carbon 
atoms are, on the average, only five atomic diameters apart, it is 
easy to see why a small percentage of carbon by weight can exert 
such a profound influence on the properties of steel. 

It is well known that carbon can migrate readily through 
alpha iron. If it were not for such migration it would not be 
possible to change martensitic steel into sorbitic steel by heating 
it. It is believed that most of this migration takes place through 
the tunnels in the alpha structure. We may assume that if we 
had a perfectly homogeneous distribution of carbon in alpha 
iron, each carbon atom would be attached to adjacent iron atoms 
to form a “ molecule ”?” of Fe;C. Such a picture is consistent with 
the known facts in the case of other compounds of carbon. If, 
now, this imaginary specimen of alpha iron is heated, each carbon 
atom would tend to move in one direction or another through 
the tunnels, breaking its union with one iron atom to form a new 
union with the next iron atom along its path. If two carbon 
atoms happen to move towards each other so that they find them- 
selves in the same relative positions to each other and to the 
surrounding iron atoms that they would have in cementite 
(Fe,C), the chance of their breaking away and migrating further 
would be greatly lessened. If a third carbon atom joins this pair, 
the chance of their migrating apart would be still less. The 
tendency in a carbon steel, heated below the critical range, to 
allow carbon to migrate, is therefore always to form aggregates 
of Fe,C. In gamma iron the carbon seems to be in solution in 
the iron. The face-centred cubic structure of gamma iron does 
not have the tunnels which characterize alpha iron and each 
carbon atom seems to lie at the centre of a tetrahedron of iron 
atoms. If a specimen of gamma iron containing carbon is 
lowered to the transition temperature for alpha iron and is then 
cooled slowly, there is plenty of chance for the migration of 
atomic carbon as described above, and the alpha iron contains 
pearlite,) which may be regarded as Fe,C or at least as an 
intimate mixture, of Fe and Fe;C. If, instead, the specimen 
is cooled very rapidly, as by quenching, there is little chance 
for migration and martensite is formed in the alpha iron. If this 
is tempered, more opportunity is given for the migration of 
atomic carbon. This results in larger aggregation of Fe,C in 
alpha iron. If only a short time or low temperature is allowed 
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for tempering, the migration is only sufficient to produce aggre- 
gates of Fe,C of colloidal size, thus giving troostite. At longer 
times or higher temperatures the aggregates of Fe.C are larger, 
thus giving sorbite. Still longer heating produces the massive 
(spheroidal) condition of Fe,C known as cementite. 

In gamma iron the possible spaces in which atomic carbon 
may exist have a configuration which is closely related to the 
configuration of carbon atoms in a crystal of graphite. If two 
atoms of carbon in gamma iron migrate so as to occupy the same 
relative positions to each other that they would have in a crystal 
of graphite, their tendency to further migration will be decreased. 
This tendency will be further lessened by the chance arrival of a 
third atom of carbon in the position which it would have in 
graphite. The chance that such configuration will occur is 
increased as the number of carbon atoms in the iron is increased. 
For this reason it is easy to obtain “ platelets ” of graphite by 
long annealing of high-carbon steel. 


ASYMPTOTIC SOLUTION OF HEAVISIDE’S 
FRACTIONAL OPERATORS. 


BY 
E. J. BERG and S. J. HAEFNER, 
Union University, 
AND 


J. J. SMITH, 
General Electric Company, Schenectady, N. Y. 


On page 40, Vol. II, of Heaviside’s ‘ Electromagnetic 
Theory ” is given the solution of a problem involving an infinitely 
long “ideal” cable connected to a battery through a condenser. 
On page 42 is given a similar problem where instead of a con- 
denser a coil is used. In both cases operational solutions occur 
involving fractional exponents of p. 


Heaviside proceeds to expand them in powers of ; and p. 


ts : =r 
The expansions in powers of p give convergent solutions which 


are conveniently used for small values of t. The expansion in 
powers of p gives the asymptotic series, which may or may not 
be the complete solution. The asymptotic solution is subject, 
of course, to an error not greater than the smallest term in the 
series for any given value of the variable. 

In the first problem the asymptotic series is the complete 
solution, in the second an important term is added. Heaviside 
gives an explanation of the reason for adding the second term in 
the end of Vol. II. This explanation is very difficult to under- 
stand and as given by him is not very satisfactory. 

J. R. Carson has shown that the convergent and asymptotic 
solution can be obtained by the use of definite integrals. Unfor- 
tunately, however, these integrals are frequently difficult to 
evaluate. 

The present paper shows how to obtain the asymptotic solu- 
tion by means of the expansion theorem in a strictly operational 
way. Incidentally it has recently come to our notice that Mr. W. 
O. Pennell has reached the same method. 
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Statement of Theorem.—Any operator of the type 


(p) |" 

x(p) | = 
where x(p) is of a form which can be rationalized to contain 
only integral powers of p, and $(p) contains integral and frac- 
tional powers of (p), the highest degree of (p) in the numerator 
being less than the highest degree of (p) in the denominator 
when the fraction is rationalized, has for its asymptotic solution 
the asymptotic series obtained by division in rising powers of 
(p) and an additional term. This additional term is obtained by 
solving the rationalized operational equation in the usual way 
by the expansion theorem and retaining only the real part of 
the result. 

The majority of the operators of this type considered by 
Heaviside are of the form 


Y) ay 


1+ (ap) ° 
where (n) is an odd integer and Y (p) contains powers of (p) 


(2) 


I 
or p2. The asymptotic series is found as stated above. 

The additional term is the real part of the result of applying 
the expansion theorem to 


L: - ap] Yi) (3) 
= EN. 3 
1 — (ap)" 
In determining the roots by equating g(p) =o it must be noted 
that the nth roots of 1 — (ap)"=o are 


I I 2T I T 
| Onn + —--.-— +(n—1)—: 
a zl n J n 


Any imaginary terms are rejected. 
The following three methods of proof will be given: 
(1) The general solution of (1) is obtained by the use of 
Duhame!’s definite integral from zero to time (t). The method 
11 denotes Heaviside’s unit function, 
l=o t<o 
l=r t>o 
o<l<r t=0 
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is strictly mathematical. The range of integration is broken up 
into two parts, giving an integral from zero to infinity, which 1s 
the additional term, and one from (t) to infinity, which expands 
by parts into the asymptotic series. 

(2) The second method used is to note that the difference 
between the convergent series and the asymptotic series is of the 
form eCe%=', where a, is a root of the rationalized determinantal 
equation. The value of C is determined by calculating numeri- 
cally the value of the different series at a few points. It might 
also be determined by other methods. 

(3) A specific example is given. The solution for a finite 
line is derived, and the limit taken as the length of the line 
approaches infinity. The result for both the convergent and 
asymptotic expansion is checked with the values obtained by 
Heaviside for the same problem. 

Method 1.—Since equation (1) can always be rationalized 
so that the denominator contains only integral powers of p, we 
can write the expression in the form 


Fi (p) + F: (p) 
= ae (4) 


where F(p) and F,(p) contain only integral powers of p and 
F,(p) contains fractional powers of (p), the highest degree of 
(p) in the numerator being less than the highest degree of (p) 
in the denominator when the fraction is rationalized. 

Split expression (3) into partial fractions. The partial frac- 
tions can then be divided into two sets, one of which contains only 
integral powers of p in the numerator (to which the expansion 
theorem can be applied) and the other set containing fractional 
powers of p in the numerator. The general form of the latter 
set can be expressed as 


re (5) 


where r is a fraction. 

If it is shown, by the definite integral method, that the con- 
vergent expansion is the correct solution of the latter, and that 
the sum of the results obtained by the expansion theorem and 
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the asymptotic series is also the correct solution, the rule is in 
general proven for any expression of the type 


$0) 
x (p) 


where .r(p) is of a form which can be rationalized to contain 
only integral powers of p, and $(p) contains integral and frac- 
tional powers of p. 

If an em.f. E=0 t<o, E=1 t>o applied to any circuit 
produces a resultant current or e.m.f. at any point equal to (ft), 
then the current or e.m.f. produced by a voltage E(t), where 
E(t) =o t <0, and E(t) is some function of t (t > 0), is given 
by Duhamel’s integral as follows: 


OEM) f AY Ewdu. (6) 


and 


Gi PEAR I 
In (5) we may divide the fraction into two parts, b 
° — @ 


pl. If we determine the effect of a unit voltage applied to the 


circuit —~—, this corresponds to 9(t). 
-~Q 
$l) =- Z= e) 
a 


dg (t — u) = ea (t— u) : 


dt 
Then writing p'l = = z1 = E (t) we find for Duhamel’s integral 
f =F 
g (t) = few” = ; du (7) 
_ ext J e7 au 
=r, ow du. (8) 


Assume the real part of a to be positive, then 


s eg Ee ct 
g (t) = l-r i nu" du =r f u' du (9) 
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and on integrating by parts, and evaluating the integral from 
o to infinity 


<5, a Si (Erne 
BO = ar tart jr 
pA o E ees f remainder (10) 
ea t-r’ [ral e 
= uT A e ae eer 
f remainder - (11) 


The first term containing e@ is the result of applying the 
expansion theorem to equation (5) and the series is the result 
of using the asymptotic expansion. That (8) gives the correct 
convergent series solution may be verified by integrating by parts. 
It the real part of (a) is negative, write (8) as (12). 


gal -œ g-am gat t g-as 
g(t) = =r J ar du + Ex S Eau (12) 


which becomes 
e0 = sat Sf Sa (13) 


and (13) is treated in the same manner as (9). 
Since the complex roots, if any, in the original expression 


(1) are conjugate, if there is a root p=a <ọ there is also a root 
p=a vo and hence if g,(t) obtained from the root a Z@ is 


complex, g.(t) obtained from the root a yọ is also complex 
and conjugate to g,(t), so that g,(t) + g(t) is real. Hence the 
result obtained starting from real coefficients is always real. 

There is an exception, however, in the case where a is a real 
negative number. The method used above for obtaining the 
asymptotic expansion fails and more advanced methods must be 
used.? If the solution is carried through, it is found that there is 
no term corresponding to the result of applying the expansion 
theorem, which is wholly imaginary in this case and, according to 
the rule given, should be rejected. 


7 See Bromwich, “ Theory of Infinite Series,” second edition, p. 334. 
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Let us apply the rule to the following problem. A voltage 
Eel is impressed upon an infinitely long “ideal cable.” 
Required the current at the generator. The operational solu- 


tion is 
_ (©) 2? 
ney ($). (14) 
(a) The E, series is 
C\ E I°3°5 
7 V(x) va Tal teats + Gaye t Gane to ]} Gs) 
(b) Z(p)—(p+a)=o whence pp--a 
Y(p)_ z 
dz 7 p 


hence the result of the expansion theorem becomes 


iy ($) vee (16) 


and the complete solution is 


--4 ($) E) valte ea oa o to J 


tiy (G)ee“a. (17) 


The remainder term is imaginary, and should be rejected. 

Mr. J. R. Carson has found a solution for this problem, 
using integral equations, and obtains the asymptotic expansion 
in a different manner. By so doing he finds the asymptotic series 
of (14) to be the complete solution. We must therefore add the 
real part of (16) to the asymptotic series to find the solution 
(Io). For this problem the real part of the remainder is zero, 


but if we had had poe! the real part of the remainder to be 
added would be ave™%cos 20°. This has been verified for a large 


: : zs. 2 = f 
number of similar problems, including p4, p4, p9, operating 
on e™1, 
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Second Method of Proof.—I\{ we expand convergently 
1 g3 t" ta 
oe er ee a OE a) 
1+ (ap)? re? ae sree 
2 2 
and expanding divergently 
a Se E a ni Se 
1+ (ap)? In eee Le 
2 2 
Testing that the series in (18) is the solution of 
(+ (ap)*)y=1 


by operating with E + (ap) z| on the product of the series and 
the function 1 we get by Leibnitz’s theorem from (18) 


2 2 p3” 
AtS N? y a" A t + 


— cna, 
—_—_—_—_—_—_—_—_—_—_—_—_ ¥-™— Oo S S S S) 


£14 (- *)a| $ B g z aa pat a ry-ntt 
Joa? n i |-n+ı 
| 2 


a rect 
Sty —- 41 
as : saunei pl 
mir ihe 
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3n 3n 
q™—247"+2 fa. y a ; 
mcs eee aes, Aas a J4... 201 
Jo nt 2 sj eal ae R maa 
5 2 


0 
Since the terms in each case which are added to — 1 are what 
O 


Heaviside calls “ impulsive functions,” i.e., they are zero every- 
where except at the point t = 0, where they may be such that their 
integral is finite or infinite, it is evident that the difference 
between (20) and (21) can only be that due to the impulsive 
functions at the time ż = 0, and the solution due to such impulsive 
functions must be a solution of the equation 


(Fap her Odih Op r enea (22) 


or as it is generally written, 


n 
(1+ (ap?) y= 0. (23) 
If an attempt is made to find a series solution for such an 
equation, it is found that the series does not stop in the custo- 
mary fashion at some value of n, the exponent of t, but that the 
series continues both ways as follows: 


n n 3n 
t 3 t° ta i" t? 
y REA a n + 0 a pe n n = 3n 
- woa. 128 nC) a an) 
2 2 2 
(24) 
and more remarkable still the series may be written: 
TEE. N T OE. E T. 
Cipa a) ee ee eae 
| 2 
ioe P 
= geek 7 
a ltt) (25) 


where r is any number between o and ı. 
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It is to be noted that the convergence on the right-hand end 
of these series is absolute, but the convergence on the left-hand 
side is asymptotic. 

By splitting up these series, for instance, writing (24) 


payin! r 3” 
Set ares nee ewes eevee l 
7 | n -Z n 2 3an 2 
pm 2 — A ? — q 2 
{ 2 |2 2 | 
4o” f° t” 
+| ee ee na" * joa PFT aei l (26) 


it will be noted that both series satisfy the equation 
(1 — a"p")y =o. (27) 


Hence (26) must be capable of being written in the form 
ra (28) 


where a,, a, . . . a, are the roots of (27) regarded as a func- 
tion of p. 

If the appropriate value of the constants C, in (28) can be 
established to make (28) equal to (26), the relation between 
equations (18) and (19) can be easily obtained since 


(19) = (26) + (18). 

In order to establish the values of the constants, it is not 
necessary to deal with the equation in the form given in (27), 
but we can split this up into partial fractions in a way similar to 
that used by Heaviside in the expansion theorem, and solve each 
of these equations of the first order individually. Each partial 
fraction gives an equation of the form 


(p—a/o)y=0 - (29) 
having solutions 
aT A(r— 1) ot d rrt 
aana ees ee ee + eS 
(r —1)! r! 
a ti / (r+ 1) ptrt! alt? / (r+ 2) pt't? 
“+r! + Gta 


yeeros + 
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Note that if r=o and 6=0, this equation is &, and if r =o and 
g—n, this equation is e™, keeping ¢ =o and plotting 
art grat œ £ alti prt 
ya aay a OP eee sents (31) 


for various values of o < r <1, we find that 


y= em, (32) 
irrespective of the value of r. 
Putting ọ =n and plotting 


ÆT “(yr —1) rt’! al /rrt'—* 


nnn 2-2) (r)! 
att Airy +1)ritt! 
= att Art inet (33) 
(r+ 1)! 
we find that the real part of this equation is very closely equal to 
y = d eT% cosrr. (34) 
By taking various values of 9, it will be found that the real 
part of 
at “(r—1)ot'"* a fret 
YS t T- i)! TF 
att (rt ror? 
(r+ 1)! aes (35) 
is equal to 
2 2 > 
SEEE gat cos (4t + ry) (36) 


where y = tan`! e : 
a 


Now these results mean that operating with p” on the expo- 
nential and trigonometric function gives the following results : 


pe = ao’ e% (37) 
pre" ™ = a! cos rre7™ (38) 
p'e% cos ot = (a? + ¢”)’e™ cos (ot + ry) (39) 


where y = tan~’~, but when we apply the expansion theorem and 
a 


take only the real part of the result, we are following these rules. 
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The tabulation below shows the values obtained for the fol- 
lowing series by numerical calculation : 


xr yrtti ei 
Way reat rea osrs] 
ad yrtti ai 
= — —— 4 — A Ei o<r<l1 
J | -r oeri eeraa" 
— ent yr- 2 e773 
a eye pen ocrni 
arnt e712 e773 
= — SO — — cece o<r<]l 
JIETTE: ea “oe 
when z=5 
Per Per 
n N. ye mae Ye- aa (n—ya). | (yd. | 87” cos rr. 
(7a) (ya). 
r=0 es Ee o o E€tt= | E+= | 00674 
148.41 | .00674 


r=1/4|148.46| — .03509 | .0224 | 7.36 | — .04088| 4 | 148.44] .00579| .004573 
#=1/2|141.69| — .04012 | .0395 | 6.03 | — .0404 | 5.9 | 141.65] .0003 | .0000 


Nots: Per cent. error given is the maximum error possible in the asymptotic expansion for 
nand ya assuming that the error is not greater than the smallest term of the series. 


Thus assuming that (18) is the correct solution of the prob- 
lem in question and that it does not contain a solution due to a 
hidden impulse since we find on a check test in (20) that all the 
impulsive functions p1, p71, etc., are multiplied by quantities 
which are zero at the time t = 0, it is now evident that in order to 
obtain the correct solution using (19) we must add to it the 
results of applying the expansion theorem to the rationalized 
expression retaining only the real part obtained from the expan- 
sion theorem. 

An interesting sidelight in this solution is that whereas many 
writers have laid stress on the fact that the solution obtained by 
a divergent expansion does not give the correct result, it is also a 
fact that applying the expansion theorem to the rationalized 
expression gives equally incorrect results. When fractional oper- 
ators are involved the divergent expansion must be added to the 
real part of the result obtained from the use of the expansion 
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theorem. Thus it must be evident that the expansion theorem 
as generally stated is incomplete and only applies to integral 
exponents of p. If it is desired to apply it to fractional exponents, 
it must be modified as shown here. 

We also note that it is only when the real part of the result 
of the application of the expansion theorem is zero, that the 
result is asymptotic in the true sense. In cases where terms such 
as e~™ sin wt arise, their values would be difficult to determine 
for large values of ¢ were it not for the fact that they have been 
already widely studied and tabulated. 

At first sight the results obtained from (14) may seem incon- 
sistent with (38). From (14) 


= an asymptotic series given in (15). 
In (38) 


; —al = T — at 
pe =a? cose. 
= 0.» 


The difference is due to the fact that e*' in (38) denotes the 
function e’ from — œ to + œ, whereas e*'l in (14) is o when 
t < o and e* when ¢ > 0, since it is equal to e*' multiplied by 1. 
The distinction between them is a very important one. 

Third Method.—We shall take a specific problem to illustrate 
the application of the expansion theorem to a finite length of 
line and then take the limit as the length of the line becomes 
infinite. 

Consider a cable with capacity and resistance C and R per 
unit length and an inductance L, between the battery, which is 
suddenly applied, and the cable? The voltage at the beginning 
of the cable of length (/) is 


Seams) enews cS 
m + p*LoC tan ml i 


>A similar problem is solved by Heaviside in “ Electrical Papers,” Vol. 1, 
p. 159. 


Vo = 
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which on applying the expansion theorem becomes : 
mi 

œ R e- CR | 

Y= kl1+B+ & a (41) 


sail Lom'l RIC 
( CR ont E 3R) | 


where B is of the form e% cos wt, arising from two complex 


roots in the denominator of (40), and where m=", If the 


l 
length of the cable approaches infinity, the terms in the series can 
be summed in an integral 


2CR? [7 e-em’ dm 
Ls J mê + b° (42) 
where 
_ ot 
SCR 
RKC” 
b = Le 


and the complex roots approach a definite limit which can be 
obtained by letting l —> œ in (40) and then applying the expan- 
sion theorem. The result is 


4 -— t 
— —e %#%cos—- — 
: naar (43) 
where 
3) LoC 
ESNY R` 


A real root is encountered in thus applying the expansion 
theorem but is rejected since the real roots of the denominator in 
(40) have already been taken care of by the definite integral 
(42). 

Thus when / is infinite 

jo i t  2CRE [2° 6-9" mdm 
heis e aes LOE 
o= E F € COS : Gg Je (m Fo) (44) 
The integral may be a asymptotically by expanding 


wa by the binomial theorem and integrating. Bromwich, 
in his “ Theory of Infinite Series, 


” 


shows that in this case the 
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error is less than the smallest term. The result is 
4 -+ V3 ft E ( g ji 
V=E-—e uE ——— — —= [> }2 
3 cos — r + van W 
[z - 3. oe (2 Y ts. "Sg" grtr13(£) +] 
l 


which corresponds with Heaviside’s result (‘‘ Electromagnetic 
Theory,” p. 44). 

The convergent solution given in “ Electromagnetic Theory ” 
(p. 43) is more difficult to obtain from (44). It may, however, 
be obtained by splitting the integral into three integrals by partial 
fractions. 


fe a a 
A m® + b! 3b” om’ + BP 30? / 120 


S e7™ dm I S e7 ma dm 
o mtb #120 3b /-— 120%% m +b? /— 120" 


(46) 
It can be shown that 
oie 
p= L m? + m+ bo (47) 
is a solution of the differential equation 
dI 5 _ Vat? 
q ~%eZel=- > Ea 
mer (48) 


= 3 
Hence I= Ce”?! + a series in ascending powers of t7, ¢2 


etc. 

The constants C,, C, and C} may be determined for the three 
integrals in (46) from a consideration of the value of the inte- 
grals at t=o, and on adding together the results, and substituting 
series for the exponentials, the convergent series given by 
Heaviside (“ Electromagnetic Theory,” p. 43) is obtained. 
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NOTE ADDED JANUARY, 1928. 


After this paper had been transmitted to The Franklin Insti- 
tute for publication, a paper by H. W. March on the Heaviside 
Operational Calculus appeared in the Transactions of the Amen- 
can Mathematical Society, May—June, 1927, in which the validity 
of the asymptotic expansion was examined. Professor March 
found that if, when 1/H (p) (which corresponds to o(p)1/ x (p) 
in our notation in equation (1)) was expanded in rising powers 


I 
of p, the expansion contained only powers of p and p2, the result 
obtained on proceeding in the usual manner is correct if 1/H (p), 
when rationalized, does not contain any zeros in the denominator 
except those along the real negative axis. This agrees with the 
result obtained here since, for the added terms, on evaluating by 


I 
the expansion theorem, we get terms of the type p2e—™ (a being 
real and positive), which gives imaginary terms and should, 
therefore, be rejected according to the rule. 
It should be carefully noted that the result given by Professor 
March is only correct when 1/H(p) expanded in rising powers 


I 
of p contains only powers of p and p?. It would not be correct 
T 
to assume it to be true if terms such as p3 entered since 


p3e-™ is not wholly imaginary and would, therefore, give an 
additional term on the application of the expansion theorem, in 
spite of the fact that a term such as this would not prevent the 
path of the contour integral to be deformed into that given by 
Professor March in Fig. 1. 

It should not be very difficult to modify Professor March’s 
work to supply an additional verification of the work given here. 
For instance, if in the last equation of his paper the path of 
integration be deformed to his path of Fig. 1 plus contours 
around the singularities at p= + iw, the integrals around these 
latter points should give the results of applying the expansion 
theorem to 1/H (p) when rationalized. 
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Sugar and Alcohol from Cellulose. (The British Empire Pro- 
ducers’ Organization.) —A report has been received by the Power 
Alcohol Section of the organization of the first tests carried out in 
a factory in Germany on a commercial scale for using sawdust, 
straw, sisal waste and bagasse as raw materials for the production 
of grape sugar and ethyl alcohol. 

The process consists of the saturation by hydrochloric gas, in 
the presence of catalysts, of the raw materials, and in a period of 
under one hour the whole of the cellulose content is converted into 
glucose. This glucose is then treated for the removal of the acid, 
and can be either sold as cattle food, or refined as pure white glucose 
for human consumption, or it can be fermented into alcohol for fuel, 
industrial and potable purposes. As much as 6o per cent. of the 
weight of the dried sawdust has been obtained in pure sugar, and 
in the case of straws and other materials higher percentages are 
obtained. 

The development of such a process must have a far-reaching 
effect in the Dominions and Colonies where large supplies of raw 
material of the kind mentioned are now being wasted, and also in 
those countries where abundant supplies of grasses and bamboos 
are available, as these materials are equally suitable for conversion 
into alcohol. 

Various European governments are investigating the process and 
the Australian Government has sent a representative. It seems prob- 
able that this process in the near future will provide countries with an 
alternate motor fuel supply to that of petrol. 


Crystalline Carnotite—Frank L. Hess and WiLLiaȚm F. 
FosHaG (Proc. U. S. National Museum, 1927, 72, Article 12, 1—6) 
describe the occurrence of the mineral carnotite in the crystalline 
form at Bridger Jack, Utah. The crystals are clear, yellow plates. 
and are unusually pure, being free from barium, copper, phos- 
phorus, arsenic, and molybdenum. An appreciable amount of lime 
and a small amount of sodium are present; and the water content 
is much lower than usually found in carnotite. The results obtained 
on analysis agree closely with the theoretic formula, K,O.2U0O,.- 
V.0O,.2H.O. The radio-activity of the crystals is approximately 


68 per cent. of that when radium is in equilibrium with uranium; 
therefore the mineral is about 6,800,000 years old. Je. 


Preparation of Pyrrole—F. F. BLrickEe and J. L. Powers, of 
the University of Michigan (Ind. and Eng. Chem., 1927, 19, 
1334-1335), have studied the preparation of pyrrole from ammo- 
nium mucate and glycerol. As much as 5.5 pounds of ammonium 
mucate was mixed with its own weight of glycerol, and the mixture 
was heated in a retort. Crude pyrrole, separated from the distillate, 
was purified by drving with solid sodium hydroxide, and was 
redistilled. The yield of purified pyrrole ranged between 41 per cent. 
and 51 per cent. of the calculated amount. J. S. H. 


NOTES FROM THE U. S. BUREAU OF STANDARDS.* 


PERCEPTION OF SLIGHT COLOR DIFFERENCES. 


CoTTONSEED and other vegetable oils are graded by color, 
and the color is an important item in determining the price which 
the oil commands on the market. The Bureau of Standards is 
cooperating with the American Oil Chemists’ Society in estab- 
lishing color standards for this purpose. 

However, the reliability of the color grading is not assured 
merely by providing correct standards. The color sense of the 
person who does the color grading must be considered, especially 
his ability to perceive small differences in hue for yellows. 

At the request of the American Oil Chemists’ Society, 
Mr. Irwin C. Priest of the bureau has conducted tests of the 
color sense of about thirty of the society’s members; and the 
results were published in the January number of its official organ, 
Oil and Fat Industries. 

This test was especially designed. to measure the observer's 
ability to perceive small differences at the color which is standard 
for prime yellow oil. The method of test was that of “ right 
and wrong answers,” the observer reporting color differences 
as they appeared to him, while the conductor of the experiment 
kept a tally of correct and incorrect answers. A score of 9 or IO 
correct answers in I0 trials indicates that the observer is able to 
detect the difference with practical certainty. 

The results of these tests, which are regarded as preliminary 
rather than final, indicate that many of the chemists (perhaps 
one-third or even two-thirds) are unable to discern with certainty 
the smallest differences which are considered in color grading 
the oil in present trade practice. It should be noted, however, 
that these differences are so small that only exceptional observers 
can be expected to be certain about them. One or two were 
found to be quite incompetent to do color grading, being very 
uncertain about differences which are unmistakable to competent 
normal observers. At least four fell below what might be reason- 
ably accepted as a normal ability to perceive hue differences. 

Incidentally, these tests have shown that the normal observer’s 

* Communicated by the Director. 
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sensibility to difference in wave-length is much greater than has 
been believed heretofore. Good observers can detect with cer- 
tainty a difference of wave-length as small as 1/10,000,000 of a 
millimetre for yellow light. This is of the order of 1/5 or 1/10 
of what has been given as the “least perceptible difference ” by 
previous authorities. This aspect of these data has been discussed 
in a paper communicated to the Optical Society of America at its 
meeting in Schenectady, October, 1927, and will appear in abstract 
in the February number of the Journal of the Optical Society. 


REPORT OF COMMISSION ON RADIO WAVE PROPAGATION. 


THE large amount of work being done in what may be called 
the physics of radio transmission is described in the report of the 
Commission on Radio Wave Propagation of the International 
Union of Scientific Radio Telegraphy presented at the recent 
meeting in Washington by the chairman of the commission, 
Dr. L. W. Austin, of the Bureau of Standards. Among the 
facts of general interest mentioned in this report are the follow- 
ing: It is found that in England in summer the reflection from 
the Kennelly-Heaviside layer is so strong even in the daytime 
that the signals from a French transatlantic station near Paris 
alternately increase and decrease in strength as the distance to 
the receiving station is increased. This seems to be the result 
of interference by ground and reflected waves. Thus, the signals 
at Aberdeen, 621 miles away, are about three times as strong 
as at Manchester, 373 miles distant. It is also found that the 
variability from day to day in long-wave daylight signals (above 
10,000 m.) is generally nearly independent of the distance, beyond 
155 miles. The French committee reported that in tropical 
Africa, contrary to the experiments in most parts of the world, 
they find no skip distance in the ultra-high-frequency waves, that 
is, no range of distance over which no signals are heard, while 
they are strong at both shorter and longer distances. The English 
committee finds in regard to the apparent night direction varia- 
tions of sending stations that they are independent of wave- 
length above 300 m. and that the errors in apparent direction 
reach a maximum at about 150 miles over land and at about 450 
miles over sea and that they are slight for distances beyond 3000 
miles. In America, more evidence is constantly being found 
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for a relationship between solar activity (sun-spots) and signal 
strength. 


SPECIFICATIONS FOR AUTOMOTIVE AND RADIO 
STORAGE BATTERIES. 

THE proposed master specifications for automotive and radio 
storage batteries which were prepared by a technical committee 
of the Federal Specifications Board were discussed at a conference 
of storage battery manufacturers held at the Bureau of Standards 
on December 19th. The automotive specifications are essentially 
a revision of similar specifications prepared six years ago, which 
have been subsequently used by the Motor Transport Division of 
the War Department. The principles were discussed by the con- 
ference, but as the time was insufficient to reach agreement on all 
ot the technical details a committee was provided for to continue 
the work. This committee, which has not yet been appointed, is to 
consist of representatives from the Society of Automotive Engi- 
neers, the National Electrical Manufacturers’ Association, the 
Bureau of Standards and two battery manufacturers at large. 
It is expected that this committee will be appointed and begin its 
work early in the present year. 

The proposed specifications were sent to a large number of 
battery manufacturers and organizations interested in the prepara- 
tion of these specifications. Those in attendance included repre- 
sentatives of the National Electrical Manufacturers’ Association, 
the Electric Storage Battery Company, the Philadelphia Storage 
Battery Company, Carlile and Doughty, Prestolite Storage Bat- 
tery Corporation, U. S. L. Battery Corporation, Willard Storage 
Battery Company, and Westinghouse Union Battery Company. 
In addition to these manufacturers, representatives of -Govern- 
ment departments were present from the Bureau of Standards, 
the National Committee on Wood Utilization, the Engineering 
Section of the Motor Transport Division of the Quartermaster 
Corps, and the Signal Corps of the War Department, Bureau 
of Engineering, Navy Department, and the Department of 
Agriculture. 


THERMAL EXPANSION OF FELDSPAR. 


Technical News Bulletins No. 117 (Jan., 1927), No. 121 
(May, 1927), and No. 123 (July, 1927) summarized the work to 
date in the investigation of the effect of feldspar in white ware 
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bodies. This report is a summary of the study of the thermal 
expansion, by the interferometer method, of partially and com- 
pletely fused feldspars fired to cones 4, 8, 10, 12, 13, and 14. 
There are nineteen feldspars included in the investigation, ranging 
in composition from No. 1, which is almost pure albite, a high 
NaO content feldspar, to No. 19, which is a practically pure 
specimen of orthoclase, a high K,O content feldspar. 

The data obtained show: 

(1) The expansion of all the feldspars fired to the above 
temperatures proceeds quite regularly until a temperature of 
575° C. or 1067° F. is reached, when the rate of expansion 
increases decidedly because of a property characteristic of quartz 
which at this temperature changes suddenly from the a form to B 
form of crystallization. This expansion of flint is not to be 
confused with the regular heat expansion of the feldspar, but is 
an additional change which is peculiar to the flint. Since this 
extra expansion is not part of the expansion of the flint-free spar, 
the true per cent. linear expansion at 560° C. is reported. 

(2) The thermal expansion of a feldspar fired below cone 
8 is low, becomes normal at cone 8, and drops again when the 
firing temperature rises above cone 8. Obviously this will depend 
upon the amount of flint in the feldspar. The low expansion of 
the underfired feldspar results from the fact that there 1s so 
much pore space in proportion to the solid mass, and that the flint 
is still present in the unaltered state. The low expansion of the 
overfired feldspar is due to the fact that the flint has been dis- 
solved by the fused feldspar. Silica has a very high expansion 
as long as it remains quartz, but has a low expansion when it has 
been dissolved to a glass by feldspar. 

(3) The highest expansions noted for feldspars fired to cone 
8 are for spars 6 and 7 (relatively low KO content feldspars), 
and are the result of their high silica content. The lowest expan- 
sion noted for feldspars fired to cone 8 is for spar No. 1, which is 
an almost pure albite (Na,O feldspar). For cone 10 the highest 
expansion is seen with spars 6 and 7, due again to their high 
silica content, while the lowest expansion is found with spar 
No. 19, a high K,O content spar. 

Therefore, it seems logical to conclude that the silica content 
has more influence upon the expansion of partially and completely 


ee e 
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fused feldspars than the Na,O or K,O content, or the fineness 
of the grind. 

The following table shows the per cent. linear expansion of 
the partially and completely fused feldspars at 560° C., together 
with their softening points and the percentages of free silica 
content. 


| Cone: Softening | Der Cent. 
i i 4 8 | 10 12 13 14 Cone | Free SiOz. 
1 | .284 .402 .406 4 2.8 
2 328 .487 .468 5 21.8 
3 | 286 -438 437 4 II.4 
4 -484 -462 418 6 20.4 
5 | .482 .460 394 5 21.2 
6 522 593 464 7HD 20.0 
7 | -542 | .594 476 7 25.1 
8 475 -446 6 HD 11.3 
9 | -489 -480 483 7 17.6 
10 .460 .450 443 7HD 10.6 
I | 476 .466 452 7HD 12.4 
I2 | -469 -470 -437 7 12.5 
13! -450 -448 434 409 | 8 12.0 
4 j .438 .466 470 430 | 8HD | 126 
15 | 418 452 -438 422 8 | 8.5 
16 | .458 473 420 | 8 | 12.7 
17 -387 .404 401 | 1oHD 6.9 
18 427 413 .406 8 IQ 
19 -396 421 450 9 2.2 


TESTS OF LARGE CONCRETE CYLINDERS. 


Durinc the month of December the bureau tested a large 
group of concrete cylinders. The cylinders were made during the 
construction of the Santeetlah Dam of the Tallahassee Power 
Company, shipped, protected by moist cinders and burlap, by 
flat car to the bureau and tested at the age of approximately three 
months. They were all in the proportion of height equal to twice 
the diameter, and had been accurately made to dimension. There 
were eight sizes of specimens, 2, 3, 6, 8, 12, 18, 24, and 36 inches 
in diameter. The largest cylinders weighed approximately 6300 
pounds, and were considerably larger than any heretofore tested. 

The ends of the 2-inch and 3-inch cylinders were ground to 
a plane surface before testing. The 6-, 8-, and 12-inch cylinders 
were capped with plaster-of-Paris previous to being placed in the 
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testing machine. The larger cylinders were capped in the testing 
machine. All aggregate was obtained from crushing the natural 
rock. The larger pieces of the aggregate were bounded in general 
by two flat surfaces indicative of the lamellar nature of the rock. 
The pieces were not thin, the proportion of length to thickness 
being in the nature of one to six. The maximum size of the 
aggregate varied, running to a maximum of 10-inch material in 
some of the larger cylinders. The fine aggregate was obtained 
from the same rock, practically all passing the 34-inch sieve and 
having an approximate fineness modulus of 3.5. 

Examination of the aggregate showed two types, one a lami- 
nated and fibrous rock, evidently a schist, containing biotite, 
muscovite, pyrite, a little quartz and one unidentified mineral, 
possibly pyrophyllite, the other a gneiss composed of biotite, 
muscovite, quartz, plagioclase, feldspar and one or two unidenti- 
fied minerals present in small amounts. 

One group of cylinders, including specimens of every size, 
was made in the proportion of one part cement to 2.7 parts of 
aggregate, all aggregate having been smaller than the 34-inch 
sieve. In this group the 36-inch cylinders developed an average 
compressive strength of 2550 Ibs./in.?, the 12-, 18-, and 24-inch 
specimens approximately 3000 pounds, the 6- and 8-inch speci- 
mens 4100 pounds, and the 2- and 3-inch specimens approxi- 
mately 5100 Ibs./in.?. 

In the other groups of cylinders the 36-inch cylinders con- 
tained aggregate of maximum size varying from 22-inch to 
10-inch, proportions being approximately 1: 3:3, 1:3:4 and 
1:3:4.6. Before filling the 8-inch molds, all aggregate above 
2%-inch was removed from the concrete, for the 6-inch molds 
all above 1)2-inch and for the 2- and 3-inch molds all above 
3g-inch. The strength of the 36-inch diameter cylinders varied 
from 1500 to 3100 Ibs./in.?, compared with the minimum and 
maximum average strengths of 2260 and 4400 for the 8-1nch, 
and 3130 and 4700 for the 6-inch cylinders. There was a general 
tendency for the smaller specimens to give higher strengths. 

Stress strain readings were taken on the 18-inch and 36-inch 
diameter cylinders, readings being taken without stopping the 
application of load. The readings were continued until maximum 
load was reached. The ultimate strains varied from .oo15 to 
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0032 in. per inch, and the initial modulus of elasticity varied 
from 2,200,000 to 3,600,000 Ibs./in.?. In all cases the average 
modulus for the 36-inch cylinders was higher than for the 
18-inch cylinders. 


POISSON’S RATIO AND THE MODULUS OF ELASTICITY OF 
SAND-LIME BRICK. 

SOME recent work on sand-lime brick at the Bureau of 
Standards has consisted in testing this product for stress-strain 
relationships. The loads were applied by a 20,000-pound testing 
machine, while the strains were determined by the use of 
Tuckerman optical strain gauges. The latter gave most excellent 
results, and furnished a very accurate picture of what occurred 
when the loading was increased or diminished. Incidentally, the 
results speak well for the uniformity of these bricks. 

Twelve bricks were tested. Four were tested in tension, four 
in compression on end, and four in compression edgewise. With 
the bricks tested on edge the secant modulus of elasticity varied 
from an average value of about 1,700,000 Ibs./in.? at no load 
to about 1,600,000 at a stress of 1000 lbs./in.?.. For a second 
loading the modulus of elasticity was nearly constant throughout 
the loading and its average value was about 1,600,000 Ibs./in.?. 
The modulus of elasticity in compression was about equal to 
the modulus in tension. 

For the modulus of elasticity determinations, readings of 
strain were obtained on two gauges attached at the centre of the 
length on opposite sides of the brick. It was found that with a 
slightly eccentric loading in compression the readings for the 
two gauges were unequal, but the averages were approximately 
the same as for concentric loading. 

Both the longitudinal strains (in the direction of the loading) 
and the transverse strains (at right angles with the direction of 
the loading) were determined on one brick. From these strains 
the value of Poisson’s ratio (the ratio of the transverse to the 
longitudinal strain) was found to be one-seventh throughout the 
range of the loading. 

Three bricks were tested for changes in strain while being 
loaded transversely, that is in bending. The supporting knife 
edges were seven inches apart and the load was applied on top 
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at the centre of the span. A notch was cut in the upper knife edge 
so that it could straddle the gauge. To insure pressure directly 
under the gauge, as well as elsewhere, a steel strip extended 
across the brick under the gauge and under the knife edge so that 
the load would be distributed properly. There was close agree- 
ment between the compression of the upper side and the elongation 
of the lower side—these relations holding also when the brick was 
turned over and tested again. This would indicate that the 
neutral axis lay in a plane half-way between the upper and 
lower sides. 


NOTES FROM LIGHTING RESEARCH LABORATORY, 
NATIONAL LAMP WORKS OF THE GENERAL 
ELECTRIC COMPANY.* 


FOUR FUNDAMENTAL FACTORS IN VISION. 
By P. W. Cobb and F. K. Moss. 


THE problem of lighting for visual work is always a specific 
one and vision is necessarily the final criterion of the merits of 
the lighting. There are at least four fundamental variables 
involved in vision and any one of these may be of critical impor- 
tance in the particular visual situation. Clear seeing results only 
when all variables have been given due consideration with refer- 
ence not only to the lighting, but with reference to vision as well. 
The fundamental variables in a visual object are: 


(1) Size of the critical detail of object; 

(2) Contrast between object and its background; 
(3) Brightness of the object; 

(4) Time allowed for seeing the object. 


An experimental analysis was made of the quantitative inter- 
relation of these four characteristic variables of the visual object 
at the border of visibility. The table summarizes the results of 
the experiment. ) 


EXPLANATION OF TABLE. 


The first column of the table gives the smallest dimension of 
the test-object, in minutes of angle at subject’s eye. The columns 
c, a, a give the values of contrast required (per cent.) for the 
threshold at 100, 20, and I ml., respectively. In columns b, b, b, 
respectively, are given the probable errors of these averages. The 
time series (columns c, d, e; c, d, e) were run separately. Of 
these, the value 0.170 second should check with the corresponding 
value in column a. Each value in the table is the geometric mean 
result from nine subjects, each representing an average of five 
series, taken by the method of serial groups. Thus each value in 

*Communicated by the Director. 
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the table represents 45 series of observations, or perhaps 2000 
separate observations. 


| Per Cent. Contrast. 


Brightness = 100 M1. Brightness = 1 Ml. 


meet | 

Size of | 

T.O. | - - 

Time| E ae Time| E |, Time| E ube 
0.170.| Rel. 0.075.| .170. | 300. 0.170.} Rel. | 0.170.' Rel. 075 | .170. | .300. 

16.02 || 1.14} .008| 1.27, I. t4! I. 04 I.57| .O14 || 1.82! .009 | 2.73) 2.46' 2.22 

11.31 | 1.80) .013 | 2.29) .013 | 

7-98 | 1.50] .OI10 2.16) .012.| 3.07; .O14 

5.67 | || 2.71| .014'| 4.30, .014 

3.95 || 2.43] .OI4 | 3-71] .O12 | 7.27] .O17 

3.20 | 4.92| .013 10.8 | .016 

2.41 || 4.67) .018| 5.35] 4.56) 4.08] 6.87] .O16 [17.1 | .021 (22.3 |I7.9 |15.6 

I .93 | 9.96] .015'27.8 | .o18 

1.63 || 8.13] .013 |I4.I | .O15 140.4 | .O14 

1.35 20.9 | .O17 60.1 | .OI6 

1.17 ||I5.2 | .O16 \30.1 O17 | 95-7 [82.7 |67.3 


a | er] ef | ee 


A detailed report of this investigation will appear shortly in 
the Transactions of the Illuminating Engineering Society. In 
addition, the above data have been graphically represented in a 
three-dimensional cardboard model. 


NOTES FROM THE RESEARCH LABORATORY, 
EASTMAN KODAK COMPANY.* 


THE LUBRICATION OF MOTION PICTURE FILM.’ 
By J. I. Crabtree and C. E. Ives. 


To facilitate its passage through the projector, it is necessary 
to apply some sort of lubricant to the surface of motion picture 
flm. If this is not done an accumulation of hardened gelatin 
forms on the projector gate and the friction which results often 
entirely arrests the progress of the film. 

Present lubricating practice consists in applying a thin line of 
wax along each edge of the film. This is satisfactory but there is 
a tendency to apply too much wax, which encroaches on the 
picture areas and causes spots and blotchiness on the screen. 
Also the presence of too much wax in the gate is apt to cement 
the film to the aperture plate if the projector is threaded when 
warm and then allowed to cool, so that on starting the projector 
the film remains stationary in the gate and is apt to catch fire. 

The above objections have been overcome by applying a 
solution of wax dissolved in carbon tetrachloride to the entire 
surface of the film and then buffing this. The result is to impart a 
high polish to the film surface analogous to that on polished foot- 
wear. This treatment insures sufficient lubrication, and film so 
treated is impervious to the effect of oil, so that the trouble from 
patchiness and blotches on the screen caused by oils is eliminated. 


A COMPACT MOTION PICTURE DENSITOMETER.’ 
By J. G. Capstaff and R. A. Purdy. 


A PORTABLE densitometer was designed to measure the small 
densities occurring in motion picture images. An automobile 
headlight lamp is used both to furnish the comparison and to illu- 
minate the density to be measured. The intensity of the density 

* Communicated by the Director. 

! Communication No. 330 from the Kodak Research Laboratories and pub- 
lished in Trans. Soc. Mot. Pict. Eng., 11, No. 31, 522, 1928. 

*Communication No. 331 from the Kodak Research Laboratories and 
published in Trans. Soc. Mot. Pict. Eng., 11, No. 31, 606, 1928. 
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beam is reduced by a known amount by a photographic wedge. 
The comparison beam is a constant brightness. By an arrange- 
ment of mirrors the comparison field is constructed to give a 
photometric field which is viewed with a low-powered eye-piece. 

The instrument is capable of measuring densities from o to 3. 
The scale reads directly in densities. 


THE PHOTOGRAPHIC REFLECTING POWER OF 
COLORED OBJECTS.’ 


By L. A. Jones. 


SOME quantitative data relative to the photographic reflection 
factors of colored objects are given. As an introduction of the 
subject the theoretical phases of the question are considered. 
The factors upon which visual and photographic reflection factors 
depend are discussed. It is shown that photographic reflection 
factor depends upon the spectral distribution of energy in the illu- 
minating radiation, the visibility function of the human eye, and 
the spectral absorption of the colored object in question. Like- 
wise it is shown that photographic reflection factor depends upon 
the spectral quality of the illuminant, the spectral absorption of 
the colored object, the spectral sensitivity of the photographic 
material, and the selective absorption of the lens used in the 
camera. The practical photographic photometric method of 
measuring reflection factors is discussed, and photographic reflec- 
tion factors for twenty-five color panels are given, the measure- 
ments being made on photographic materials of different color 
sensitivity and with light sources of different types. 


FACTORS AFFECTING THE CONTRAST OF A LENS IMAGE 
IN THE MOTION PICTURE CAMERA.‘ 


By C. Tuttle and H. E. White. 


AN IMAGE which duplicates the contrast of the object 1s 
desirable in photography. Such a condition makes for a clear, 
sparkling picture, but if the lens image contrast differs greatly 

*>Communication No. 327 from the Kodak Research Laboratories and 
published in Trans. Soc. Mot. Pict. Eng., 11, No. 31, 564, 1928. 

t Communication No. 329 from the Kodak Research Laboratories and 
published in Trans. Soc. Mot. Pict. Eng., 11, No. 31, 591, 1928. 
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from that of the object, the quality of the photographic reproduc- 
tion will suffer. 

In motion picture photography a number of causes such as 
lens flare, camera interior reflections, diffusion, and light leaks 
may result in lowered image contrast. The seriousness of these 
various factors and the possible remedies for some of them are 
discussed. Especial attention is given to the practical value of 
lens shades in preventing the entrance of extraneous light. 
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Biophysics of the Common Fowl.—H. H. MITcHELL and 
W. T. Harnes, of the Illinois Agricultural Experiment Station 
(Jour. Agric. Res., 1927, 34, 549-557), have determined that the 
critical temperature of the chicken has an average value of 62° F. 
This temperature is defined as the environmental temperature at and 
below which the heat production of the fasting resting animal will 
increase in order to prevent a lowering of the body temperature. The 
value for the chicken is based on thirty-six experiments with twelve 
Rhode Island Red hens, winter feathered birds, in an atmosphere 
of low humidity, and in an air current of approximately 3 litres 
per minute. 

MITCHELL and Harnes (Jour, Agric. Res., 1927, 34, 927-943) 
also determined the basal heat production or basal metabolism of 
twenty-eight non-laying hens, and found it to be 54.9 calories per day 
per kilogram of body-weight, and 703 calories per day per square 
metre of body surface. For nineteen mature cocks, the average 
values found were 55.7 and 806 calories, respectively. J.S. H. 


Fabrics and Sunburn.—KaTHERINE Hess, J. O. HAMILTON, 
and MARGARET JusTIN, of the Kansas Agricultural Experiment 
Station (Jour. Agric. Res., 1927, 35, 251-259), find that the pro- 
tection from sunburn which is afforded the skin bv fabrics depends 
primarily on the amount of interspace due to weave. However, the 
vegetable fibres, cotton and linen, transmit some of the rays which 
burn and tan, while the animal fibres, wool and silk, absorb a larger 
portion of these rays. Therefore, silk and wool offer a higher 
coefficient of protection against the actinic rays than do cotton 
and linen. 


BerorE Moseley had promulgated the idea of atomic numbers 
and had shown that there cannot be more than ninety-two elements 
unless an element heavier than uranium be found, it was easy to 
account for an unidentified spectral line in sun, star or nebula by 
attributing to some otherwise unknown element, such as nebulium. 
In Nature, Oct. 22, 1927, A. Fow er, Imperial College of Science, 
remarks: “It is, of course, no longer permissible to suppose the 
existence of hypothetical elements to account for the long-standing 
mysteries of nebular spectra, and we must accordingly regard the 
nebular lines as being produced by known elements under conditions 
of excitation which have not yet been imitated in the laboratory.” 

G. F. S. 


Occurrence of Germanium.—JaAcon Papisu, F. M. Brewer, 
and Donatp A. Hott, of Cornell University (Jour. Am. Chem. 
Soc., 1927, 49, 3028-3033), report the occurrence of germanium in 
traces in certain tin ores, and in appreciable traces (0.013 to 0.033 per 
cent.) in certain varieties of the mineral enargite, a cuprous thio- 
arsenate which is an ore of copper. eo. tde 


NOTES FROM THE U. S. BUREAU OF CHEMISTRY 
AND SOILS.* 


STUDIES ON GOSSYPOL. I. THE PREPARATION, PURIFI- 
CATION, AND SOME OF THE PROPERTIES OF GOSSYPOL, 
THE TOXIC PRINCIPLE OF COTTONSEED’ 


By E. P. Clark. 


[ ABSTRACT. ] 


GossyPOL, the toxic principle of cottonseed, was prepared in 
a state of analytical purity and certain properties of this purified 
material were determined. Its molecular formula was ascertained 
to be CzoH300s. Analytical data were obtained upon several 
derivatives of gossypol. These included the so-called acetate, 
anhydrogossypol, the dianilide, the dioxime, and the hexaacetyl 
derivative. It was found that the dianilide, which is important 
because of its use in the quantitative determination of gossypol, 
was a condensation product formed by I mol of gossypol con- 
densing with 2 mols of aniline, with the elimination of 2 mols 
of water. Of the eight oxygen atoms in gossypol, two were 
carbonyl groups, whereas the remaining six were hydroxyl 
groups. Two of these hydroxyl groups behaved differently from 
the remaining four in that they were much more acidic and 
required drastic treatment for the hydrolysis of their acetyl | 
derivative. A short report concerning some interesting physio- 
logical effects of gossypol upon rats is given. 


PRODUCTION OF GLUCONIC ACID BY THE PENICILLIUM 
LUTEUM-PURPUROGENUM GROUP I.’ 
By Orville E. May, Horace T. Herrick, Charles Thom and 
Margaret B. Church. 


[ ABSTRACT. ] 


A SURVEY was made of the action of 172 different strains 
of fungi on glucose solutions of varying strengths with the object 
of ascertaining whether acids other than citric or oxalic were 

* Communicated by the Chief of the Bureau. 

1 Published in the Jour. Biol. Chem., 75, No. 3, December, 1927, pp. 
725-739. 

? Published in the Jour. Biol. Chem., 75, No. 2, November, 1927, pp. 
417-422. 

VoL. 205, No. 1226—18 259 


260 U. S. BUREAU oF CHEMISTRY NOTES. [J. F.1. 


produced. The fungi included the genera Aspergillus, Penicil- 
lium, Monta, and Mucor. The only fungi other than the Asper- 
gilli which produced acid in large quantities were certain strains 
of Penicillia. Gluconic and citric acids were isolated from the 
culture solutions of Penicillium citrinum and Penicillium divari- 
catum. In fourteen days certain strains of the Penicillium luteum- 
purpurogenum group produced gluconic acid alone, in yields as 
high as 60 per cent. of the theoretical quantity. The acid was 
identified by means of the calcium and barium salts; the specific 
optical rotation of these salts was determined and reported as 
9.8° and 9.0°, respectively. 


THE FRANKLIN INSTITUTE. 


(Proceedings of the Stated Mecting Held Wednesday, January 18, 1928.) 


THE annual meeting of The Franklin Institute was called to order at 
eight-twenty P.M. by Vice-president Tutwiler, who presided in the absence 
of the President, Dr. Wm. C. L. Eglin, who was away because of illness. 

The Chairman called upon the Secretary for the minutes of the last 
meeting. The Secretary reported that these minutes had been printed in full 
in the January number of the JourNAL of the Institute and moved that they 
be approved as printed. This motion was unanimously adopted. The minutes 
were declared approved. 

The Chairman next called upon the Secretary to read the results of the 
annual election. The Secretary read the report submitted by the Tellers— 
Doctors Leffmann and Dike and Mr. Adams—which showed that the following 
gentlemen had been unanimously elected to the positions indicated: 


Total number of votes cast, 373. 
President: (to serve 1 year), Wm. C. L. Eglin. 
Vice-president: (to serve 3 years), Henry Howson. 
Treasurer: (to serve 1 year), Benjamin Franklin. 
Managers: (to serve 3 years), Francis T. Chambers. 
. Morris L. Clothier. 
Nathan Hayward. 
Robert W. Lesley. 
Marshall S. Morgan. 
E. H. Sanborn. 
S. T. Wagner. 
J. T. Wallis. 


The Chairman then declared the gentlemen nominated to be elected to the 
respective offices. 

The Secretary reported that because of illness, the President was unable 
to present his annual report at this time. It will be presented at a later 
meeting. 

The Secretary then made a statement concerning the Christmas Week Lec- 
tures, described their origin and purpose, and made announcement concerning 
the prizes which had been offered and won. He requested Dr. E. E. Wildman, 
Director, Division of Science, Board of Public Education, to present the 
prizes. Doctor Wildman, in happy terms, made the presentations. 

The first prize of fifty dollars was awarded to Ralph F. Scholl, North- 
east High School. Second prize—$25—David MacAdam, Upper Darby High 
School. Third prize—$10—Biddle Walker, Upper Darby High School. Honor- 
able mention: James C. Hargreaves, West Philadelphia High School; Walter 
Levin, Northeast High School. 

The Secretary stated that the money for the prizes had been donated 
by the President and one of the Vice-presidents of the Institute. 
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The Committee of Judges who passed upon the note-books was composed 
of Prof. Walter T. Taggart, Department of Chemistry, University of Penn- 
sylvania; Prof. H. Jermain Creighton, Department of Chemistry, Swarthmore 
College, and Dr. Howard McClenahan, Secretary of the Institute. 

There being no further business, the Chairman presented as the lecturer 
of the evening, the Honorable Edward P. Warner, Assistant Secretary of the 
Navy for Aeronautics, who spoke delightfully upon the subject, “ The Engi- 
neering of Naval and Civil Aircraft.” 

The meeting adjourned at nine-thirty, with a rising vote of thanks and 
of hearty appreciation of Secretary Warner’s stimulating talk. 

Howard McCLENAHAN, 
Secretary. 


COMMITTEE ON SCIENCE AND THE ARTS. 
(Abstract of Proceedings of Stated Meeting Held Wednesday, January 4, 1928.) 


HALL OF THE COMMITTEE, 
PHILADELPHIA, January 4, 1928. 


Mr. M. M. Price, in the Chair. 
The following reports were presented for final action: 
The Franklin Medal, Dr. James Barnes, Chairman. 


No. 2886: To Dr. Charles F. Brush, Electrical Engineer, of Cleveland, 
Ohio, “in recognition of his invention and development of the first suc- 
cessful arc light system for illumination and of the first practical storage 
battery.” 


No. 2887: To Dr. Walther Nernst, Professor of Physical Chemistry 
at the University of Berlin, and Director of Technical Physics at the 
Reichsanstalt, Charlottenburg, Germany, “in recognition of his numerous 
and valuable contributions in physical and theoretical chemistry and par- 
ticularly for his applications of the exact methods of thermodynamics 
to electro- and thermo-chemistry.” 


The following report was presented for first reading: 


No. 2882 Wide-angle, High-speed Lens, Dr. Winthrop R. Wright, 
Chairman. 
Geo. A. HoaDLey, 
Secretary to Committee. 


MEMBERSHIP NOTES. 
ELECTIONS TO MEMBERSHIP. 


(Stated Meeting, Board of Managers, January 11, 1928.) 
LIFE-RESIDENT. 


Dr. AuGusTUS ADOLPH ESHNER, Physician, 1019 Spruce Street, Philadelphia, 
Penna. 
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RESIDENT. 


Mr. WiıLson Norris DurHaM, Radio Engineering, President, Durham and 
Company, Inc., 1936 Market Street, Philadelphia, Penna. 

Dr. Ettice McDona.p, Physician, Physicians’ Building, Twentieth and Chest- 
nut Streets, Philadelphia, Penna. 

Dr. Witt1AM Rocers, Jr., Teacher, Temple University. For mailing: 6727 
North Broad Street, Philadelphia, Penna. 


NON-RESIDENT. 


Mr Morris Know .es, Consulting Engineer, President, Morris Knowles, Inc., 
507 Westinghouse Building, Pittsburgh, Penna. 

Mr. Liss C. Peterson, Engineer, American Telephone and Telegraph Com- 
pany, Room 1611, 195 Broadway, New York City, N. Y. 


CHANGES OF ADDRESS. 


Dr. HERBERT A. CLARK, in care Taylor Instrument Companies, Ames Street, 
corner West Avenue, Rochester, N. Y. 

Mr. J. S. Duncan, 5555 Everett Avenue, Hyde Park Station, Chicago, III. 

Mr. J. HatmMer Hayner, Mayfair House, Germantown, Philadelphia, Penna. 

Mr. THomas D. J. Leecu, The University of Sydney, New South Wales, 
Australia. 

Mr. W. E. Ricnarpson, 225 South Fortieth Street, Philadelphia, Penna. 

Mr. RaymMonp W. Ross, 4730 Bingham Street, Apartment A, Philadelphia, 
Penna. 

Dr. C. C. THomas, 165 Puente Drive, Pasadena, Calif. 


LIBRARY NOTES. 
RECENT ADDITIONS. 


American Annual of Photography, 1928. Volume 42. 1927. 

American Men of Science. Fourth edition. 1927. 

Baty, E. C. C.—Spectroscopy. Third edition. Volume 3. 1927. 

Chemical Abstracts.—Decennial Index 1917-1926, Volumes 11-20. (Author 
index.) Two volumes. 1927. 

Gecer, H., and Kart Scueer, Editors.—Handbuch der Physik. Bande 5, 
8, 16. 1927. 

Geological Society Quarterly Journal. Index to the first fifty volumes. 1897. 

Kiemcarp, E. N.—Lubricating Greases. 1927. 

National Research Council.—Annual Survey of American Chemistry. Vol- 
umes I and II. 1926-10927. 

Siemens-Konzern.—Wissenschaftliche Veroffentlichungen. VI Band, erstes 
Heft. 1927. 

Tutton, A. E. H.—The Natural History of Ice and Snow: Illustrated from 
the Alps. 1927. 

Worthington Pump and Machinery Corporation.—Pump Handbook. 1927. 

Zeitschrift fiir Elektrochemie und angewandte physikalische Chemie. General- 
register, Bande 11-30. Jahrgang 1905-1924. Namenverzeichnis. 1927. 
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BOOK REVIEWS. 


THE PRopeERTIES OF Silica. An Introduction to the Properties of Substances 
in the Solid Non-conducting State. By Robert B. Sosman, Ph.D., Geo- 
physical Laboratory, Carnegie Institution, Washington, D. C. 855 pages, 
8vo, illustrated. New York, The Chemical Catalog Company, Inc., 1927. 
Price, $12.50. 


A compound to which Gmelin’s “ Chemistry” devotes less than four pages 
is given over eight hundred in this book and even this extensive treatment does 
not exhaust the topic, for such an interesting and important phase as silica 
gel is but passingly noted, since the object of the book as indicated in the 
subtitle is to deal with the really solid form. The book has indeed a wider 
scope than merely the treatment of the solid phase of SiO:, being an introduc- 
tion into the physics and physical chemistry of non-conducting solid substances. 

Silicon has a wide function in nature. Belonging with carbon in the 
modern classification, it seems to be the fundamental element in the mineral 
world as carbon is in the organic. The analogy between them has naturally 
led to attempts to produce analogous compounds, and from the early days when 
Friedel and Crafts studied the esters of silicic acid to the present, many 
striking compounds in which silicon takes the place of carbon have been 
obtained. Among these is a series of hydrosilicon derivatives strictly com- 
parable to the hydrocarbons, but mostly having the property of spontaneous 
inflammability. Silicon hydride (silicon methane) has long been known and 
has lately been applied as a smoke screen material. Crystallized silica in the 
native state is the substance that has given us the word “crystal,” harking 
back to the idea of the Greeks that quartz crystals were produced by 
great cold. 

The text of the book is largely devoted to the physical chemistry of solid 
silica. The varied and important optical properties are considered in much 
detail. Study of structure by the X-ray, which has proved so remarkable and 
useful in unraveling the intimate associations of the atoms of substances, 
is presented in full description and illustrated. The author makes a timely 
protest against the loose use of the term “quartz,” pointing out that such 
phrases as “quartz mercury lamp,” “ quartz fiber” are not commensurate in 
meaning with “ quartz spectrograph” or “quartz wedge.” The former terms 
should be replaced by “vitreous silica,” as the material is not quartz. He 
remarks that chemists and physicists have often ignored the protests of philol- 
ogists and lexicographers in coining hybrids and monstrosities. He might 
have added that the same scientists frequently ignore the rules of grammar 
and syntax, writing such monstrosities as “data is” and “ apparati.” 

The work is one of the series of monographs in course of publication 
for some years by the American Chemical Society, which has already furnished 
a large amount of excellent literature on special subjects. The information 
presented in the book is mostly from the investigations of the last twenty 
years, but as with many other specialized subjects, it is scattered through a vast 
amount of periodical literature. Meanwhile, a large amount of information in 
physical chemistry, bearing of course on many other substances than silica, 
but having also bearing thereon, has been developed and it was necessary to 
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incorporate the applications of all these data in the study of the substance in 
hand. It was, indeed, originally intended to include a study of silicates, but 
the necessity of presenting the bearings of the mass of new physical and 
physico-chemical information compelled restriction of the labor to silica 
alone, and even this compilation appeared much later than was expected. 

The book contains a vast mass of information, carefully arranged and 
clearly set forth, and is one more of the many evidences that the volumes of 
this series have been indicating, namely, the high specialism that has developed 
in chemistry and the active research in the highest fields that is now carried 
on by American workers. Henry LEFFMANN. 


THE PROPAGATION OF ELECTRIC CURRENTS IN TELEPHONE AND TELEGRAPH 
Conpuctors. By J. A. Fleming, M.A., D.Sc., F.R.S. Fourth edition, 
revised and extended. xv-422 pages, 14 x 22 cm., cloth, New York, 
D. Van Nostrand Company, Inc. Price, $8. 


Very few of those who enjoy the advantages derived from latter-day 
advances in the transmission of electrical energy, either for power, signalling 
or for the transmission of sound, realize by how many years the modern 
theories which have made these amazing performances possible antedate their 
application. The work of Maxwell and then of Heaviside are the cornerstone 
of this modern structure, towards the completion of which Professor Pupin 
has so brilliantly contributed, by which obstacles which formerly defied solution 
have been overcome and the way opened to other and striking possibilities. 

The object of this work has been to bring within the reach of telephonic — 
and telegraphic engineers the most recent scientific and technical research 
which relates to their art. A perusal of the writings of Heaviside and of 
Professor Pupin, which have placed telephony on a sound theoretical and 
practical basis, as well as a study of the classical labors of Kelvin on submarine 
telegraphy, demands a type of mathematical training not usually attained by 
Practical telegraphic and telephonic engineers. Professor Kennelly’s writings 
have done much to meet this need. This matter, which deals with operations 
with complex quantities and hyperbolic functions, the author has presented very 
fully and comprehensibly in the first chapter, a valuable provision in view of 
the extensive application of these functions throughout the subsequent text. 

The second chaptér on the propagation of electromagnetic waves along ` 
wires is the keystone of the work in that it embraces the physical concepts of 
wave-motion, the deduction of a general expression for wave-motion and finally 
the derivation of differential equations expressing the propagation of an electro- 
magnetic disturbance along a pair of wires. With the completion of this 
chapter, which will stress the reader’s physico-mathematical capacity as much 
in visualizing the physical concepts employed as in following their mathe- 
matical treatment, the subject is fairly launched. 

In the third chapter, we begin with the propagation of simple periodic 
electric currents in telephone cables under varying conditions of the line. 
Under “telephony and telephone cables” of the fourth chapter, an account 
is given of the nature of articulate speech, the derivation of Fourier’s Theorem, 
the methods of achieving telephony over long distances and through submarine 
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cables, and a detailed explanation of the theory by Professor Pupin of unloaded 
and loaded cables. Chapter five, on the propagation of currents in submarine 
cables, covers the mathematical theory of modern submarine telegraphy. Much 
practical information is there given bearing upon the speed of signalling, which 
is discussed in mathematical language illustrated by diagrams. Chapter six 
deals with the transmission of high-frequency and very low-frequency currents 
along wires under varied conditions. An explanation of electrical measure- 
ments and the determination of the constants occupies the seventh chapter, with 
diagrams and illustrations of apparatus. 

An engineering project is only complete when it has been checked. Chap- 
ter eight, in which cable calculations and comparison of theory with experi- 
ment are considered, dwells at considerable length upon the importance of such 
verification. “Loaded cables in practice” of chapter nine is a generous 
collection of data on the results attained from loaded cables. Of particular 
interest is the description, among others of note, of the New York-San 
Francisco telephone line, which exceeds all others in length. An inset diagram 
of this circuit is included. The tenth and last chapter on recent advances, 
which is an addition to the original work in this fourth edition, is a chronicle 
of recent progress. Among the achievements mentioned are: Improvements 
in the construction of loading coils, the extraordinarily high-permeability nickel- 
iron alloy, known as “ permalloy,” the vast improvement in telephony by the 
introduction of the thermionic repeater, of which the author is originator, and 
the development of carrier-wave multiple telephony. An appendix contains a 
table of the functions of hyperbolic angles. 

By the issue of this work, Doctor Fleming has rendered a rare service to 
readers who are interested in problems of telephonic and telegraphic trans- 
mission in supplying in a form available to practical engineers a comprehensive 
account of the theory and practice of telegraph and telephone lines. 

Lucien E. PIco.ert. 


MACHINISME ET AUTOMATISME. Par P. Maurer, Chef du Service des 
Compteurs, Ingénieur à la Compagnie Parisienne de Distribution d’Elec- 
tricité, Professeur a l'École d’Electricité Breguet et a l'École d’Electricité 
et de Mécanique ses vi-80 pages, 23 x 14 cm., paper. Paris, 
Gauthier-Villars et Cie., 1927. Price, 12 francs. 


There are many apparent ae economic reasons why, in no other part 
of the world which has experienced the rapid material progress of modern 
times, the individual has come into closer relation to a mechanized mode of life 
than in this country. Labor-saving machinery and labor-saving methods as 
well have found here the most fertile field for their development, and a multi- 
plicity of mechanical devices that have become of commonplace application in 
our daily lives and indeed necessities to our creature-comfort or business 
routine, where different conditions prevail, might never have achieved the 
dominant estate which is now theirs. 

Under the descriptive title “machinism and automatism,” the author 
discusses first the philosophy of the subject. Having examined from several 
aspects what constitutes a machine, how human necessity has controlled its 


Feb., 1928. ] Book Reviews. 267 


evolution and, again, how procedure in manual operations has been meticulously 
analyzed to the great advantage of economy in production, and finally, how the 
general relations which govern the possibility or expediency of automatizing 
given mechanical operations, he proceeds to the more specific part of his dis- 
course—the automatized machine. 

In this part, the author describes how a science of machinism might be 
constructed upon the basis of a consideration of the distribution of energy in 
the functioning of a mechanism or the “energy function” as he terms it, and 
thence the possibility of deriving analytical expressions for pairs of energy- 
elements and finally the determination of a required member of that energy- 
chain which may be regarded analogous to the members of kinematic chains 
defined by Reuleaux. This unique method of attacking a problem which is 
usually considered wholly from a kinematic point of view is of unusual interest 
to investigators who aim to establish a rational theory of “ genera and species ” 
of machines. Lucien E. PIco.et. 


CHEMICAL PATENTS INDEX, Volume I. By Edward Chauncey Worden, First, 
Ph.C., B.S., M.A., F.C.S., F.L.S. 904 pages, 8vo. New York, The 
Chemical Catalog Company, Inc., 1927. Price, $25. 


This comprehensive series representing an enormous amount of labor is to 
constitute five volumes, making an approximate total of little less than 4400 
pages. It is an index of chemical patents issued through the United States 
Patent Office in the ten years from January 1, 1915, to December 31, 1924. 
The total cost of the work is set at $100, but this is to be paid at the rate of 
$25 on each volume until four volumes have been issued. The matter pre- 
sented represents eleven years of uninterrupted labor of a small force, the 
intention being to cover in a satisfactory and comprehensive manner about 
700,000 entries of chemical patents within the period above noted. The collec- 
tion is intended to cover adequately the whole field of chemical technology, 
organic, inorganic, biologic, mineralogic, pharmaceutic and photographic, which 
includes really a survey of the entire activity within the ten years of applied 
chemistry both in peace and war. An index of patentees is given as the intro- 
ductory matter and over 14,000 names are listed as sole or joint patentees. 
No attempt has been made to edit or correct the statements appearing in the 
patent index, each subject being presented as it is of record. This is important 
in the legal aspect, since courts have held practically that the validity and 
scope of a specification is to be judged by the actual statements and not by 
what might be inferred by experts. It is also a well-known principle of our 
patent law that the descriptions must be presented in such form as to he 
intelligible to those fairly familiar with the art to which the patent rclates. 
There are in patents as recorded a great deal of involved phraseology, round- 
about expressions and evidences of imperfect knowledge of chemistry or 
indeed little knowledge at all, so that very often an attempt to present the 
statements of the patents involves guesswork. In all such cases the editor has 
made a double entry, indexing the data as printed and then as he deduced 
what should be the correct reading. This, of course, has given rise to a great 
deal of detail and involved much extension of the index and sub-division of it. 
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The high refinement of the chemical and chemico-physical principles now con- 
cerned in industrial methods is shown by a paragraph in the preface which 
refers to “The present litigation in respect to the aryl-substituted guanidines 
as rubber vulcanization accelerators.” In this field, as in so many others, an 
index of this type must be very extensive and comprehensive in order to 
facilitate searches for anticipations or lack of novelty, features which form so 
very important matters in patent litigation. The index has been prepared by 
taking a description of each patent as printed in the Official Gasette and if in 
any case it seemed to be of a nature of a chemical principle, the original 
document was obtained, from which could be indexed in detail the information 
concerning the chemicals, manipulations and mechanical devices sufficiently to 
cover apparently all of the strictly chemical information from any angle. 
These data were placed on cards, which were again reviewed. The preface 
describes in detail the methods of making this card index, but it is not necessary 
to go into a description of that. The Editor with the assistance of collabora- 
tors is now engaged in indexing patents for the ten years preceding the period 
to which this volume is devoted and also to two years succeeding. It is hoped 
to keep the work up to date by the issue of biennial volumes and if the 
labor and expense bestowed upon the work is met by satisfactory appreciation. 
by the public, the investigation will be carried backward to the very earliest 
period of United States patents. The Editor very properly says that a 
complete collection of this kind would be a wonderful stimulus to patent inven- 
tiveness and ingenuity and would minimize useless litigation which is often 
based on faulty or inadequate information, particularly as to the fundamental 
character of patents allowed. One of the great difficulties in a list of this kind 
is the decision as to the practical indexing of the complex chemical terms now 
so familiar in organic chemistry. In the olden times this problem was simple, 
very few organic bodies were known except those existing naturally or derived 
by simple transformation from such natural products, but the development of 
organic synthesis has given us not only extremely long names, but very often 
two or three possible forms equally applicable. Thus alpha-aminonaphthalene 
is also alpha-naphthylamine; and benzoic acid is carboxybenzene. Hundreds 
of other instances might be cited. The system of indexing and expressing 
the composition of these complex substances is essentially that followed in 
Chemical Abstracts. The problem is still further increased by the fact that 
several systems of naming organic compounds have been developed in patent 
office methods, largely due to the fact that many patents are of foreign origin 
and the name system in other countries may be quite different from that used 
in standard American literature. The preface is very extensive, contains much 
information as to the methods of arranging the data in the work and finally 
gives credit to a number of collaborators who have assisted therein. The 
book was printed by the Lord Baltimore Press. 

The index of subjects which in this first volume includes nearly eight 
hundred pages of closely but clearly printed entries, represents an enormous 
amount of very hard and really dreary labor and certainly American chemical 
industry must be thankful for this contribution. It is to be hoped that this 
thankfulness will be clearly expressed by a wide acceptance of the work and 
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its installation into all the libraries of corporations and scientific institutions 
interested in promoting the development of industrial chemistry in the United 
States. Henry LEFFMANN. 


ANNUAL SURVEY OF AMERICAN CHEMISTRY. Volume 2, edited by Clarence J. 
West, National Research Council. 415 pages, small 8vo. New York, 
The Chemical Catalog Company, Inc., 1927. Price, $3. 


It is gratifying to see how wide is the interest in chemical research in this 
country, and how active it has become. The present work reports American 
investigations carried out for one year from July 1, 1926. Forty-nine articles 
have been contributed, covering both theoretical and practical topics. Very thor- 
ough use has been made of the periodical literature and as each article has 
been prepared by an author especially interested, the usefulness of the book is 
assured. It will be found very serviceable to all chemists. 

The reviewer suggests that in future volumes, the locality of every author 
should be noted. In many instances in the present issue merely a corporation 
with which the author is connected is indicated. Some interest is now mani- 
fested in the geographical distribution of intellectual activity in the United 
States, and an indication of locality would be of some value. So far as 
locality assignments are in the list, twenty-one contributors hail from four 
centres, New York, Washington, Baltimore and New Haven, seven being 
credited to each of the first two. Philadelphia has one contributor. It is 
also worth noting that notwithstanding the large opportunity given to women 
for instruction in the practical sciences, almost no part has yet been played 
by them. 

There is a curious, though not infrequent, error, on page 289, in which 
“apparati” is used as a plural. The plural of “apparatus” is “ apparatus.” 
It is a masculine noun of the fourth declension, not of the second. “ Persicos 
apparatus, odi puer.” There are other indications of defective proof-reading on 
the part of authors. It is suggested that in future a classification be made 
of the papers which are now in rather confused mixture. 

HENRY LEFFMANN. 


NATIONAL ADVISORY COMMITTEE For AERONAUTICS. Report No. 278, Lift, 
Drag, and Elevator Hinge Moments of Handley Page Control Surfaces, 
by R. H. Smith. 22 pages, illustrations, quarto. Washington, Government 
Printing Office, 1927. Price, ten cents. 


This report combines the wind-tunnel results of tests on four control 
surface models made in the two wind-tunnels of the Navy aerodynamic labora- 
tory, Washington Navy Yard, during the years 1922 and 1924, and submitted 
for publication to the Committee May 7, 1927. The purpose of the tests was 
to compare, first, the lifts and the aerodynamic efficiencies of the control sur- 
faces from which their relative effectiveness as tail planes could be determined; 
then the elevator hinge moments upon which their relative ease of operation 
depended. The lift and drag forces on the control surface models were 
obtained for various stabilizer angles and elevator settings in the 8 by 8 foot 
tunnel by the writer in 1922; the corresponding hinge moments were found 
in the 4 by 4 foot tunnel by Mr. R. M. Bear in 1924. 
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Annual Survey of American Chemistry. Volume II, July 1, 1926, to July 
1, 1927. Edited by Clarence J. West. Published for the National Research 
Council. 415 pages, 12mo. New York, The Chemical Catalog Company, Inc., 
1927. Price, $3. 

Chemical Patents Index. A comprehensive and detailed index of the 
subject-matter of specifications and claims of United States patents and patent 
reissues granted during the decennial period 1915-1924 inclusive, covering the 
entire field of chemical technology, by Edward Chauncey Worden, First. 904 
pages, 8vo. To be complete in four volumes. Price, $100. Single volumes 
cannot be purchased, subscriptions for the set may now be made. New York, 
The Chemical Catalog Company, Inc., 1927. , 

Cours d’Electricité Théorique professé à Ecole Professionelle Superieure 
des Postes et Télégraphes, par J. B. Pomey. Tome II. 373 pages, illustra- 
tions, 8vo. Paris, Gauthier-Villars et Cie., 1928. Price, 100 francs. 

The Properties of Silica. An introduction to the properties of substances 
in the solid non-conducting state, by Robert B. Sosman, Ph.D. 855 pages, illus- 
trations, 8vo. New York, The Chemical Catalog Company, Inc., 1927. 
Price, $12.50. 

Les Turbines a Vapeur. Traité a Pusage des ingénieurs, des techniciens 
et des élèves ingénieurs des écoles d'application, par Ing. Giuseppe Belluzzo. 
Traduit de l'Italien, par Jean Chevrier. Second edition, entirely rewritten. 
Two volumes, illustrations, 8vo. Paris, Gauthier-Villars et Cie., 1927. Price, 
140 francs. 

Thermionic Phenomena, by Eugène Bloch, translated by J. R. Clarke. 
145 pages, illustrations, 12mo. New York, E. P. Dutton and Company, no date. 
Price, $2.50. 

Scientific Paradoxes and Problems and Their Solutions Simultancously 
Broadcast from 2LO, by A. S. E. Ackermann, with an introduction by Prof. 
C. V. Boys, F.R.S. 131 pages, 12mo. London, The Old Westminster Press, 
1925. Price, five shillings. 

Physics in Industry. Lectures delivered before the Institute of Physics, 
by H. E. Wimperis and F. E. Smith. Volume 5, 54 pages, illustrations, plates, 
8vo. London, Oxford University Press, 1927. Price, two shillings, six pence. 

Wireless Direction Finding and Directional Reccption, by R. Keen. 
Second and enlarged edition. 490 pages, illustrations, 8vo. London, Iliffe and 
Sons, Limited, 1927. Price, 21 shillings. 

Encyclopédie Photométrique. Première section—Géneralités. I. Intro- 
duction Générale a la Photometrie, par Charles Fabry. 178 pages, illustra- 
tions, 8vo. Price, in paper, 20 francs. 

National Advisory Committee for Aeronautics: Technical Notes, No. 270, 
The Characteristics of the N.A.C.A. 97, Clark Y, and N.A.C.A.-M6 Airfoils 
with Particular Reference to the Angle of Attack, by George J. Higgins. 
4 pages, diagrams, quarto. Washington, Committee, 1927. Thirteenth Annual 
Report of the National Advisory Committee for Aeronautics, 1927. Adminis- 
trative report without technical reports. 76 pages, portrait, quarto. Wash- 
ington, Government Printing Office, 1927. Price, twenty cents. 


CURRENT TOPICS. 


The Measurement of True Specific Heats at High Tempera- 
tures by Heating through Electron Bombardment. H. KLINK- 
HARDT. (Ann. der Physik, 84, No. 1.)—For low and for medium 
temperatures it has been possible to find specific heats with accuracy 
but for high temperatures a solution has been lacking. In a pre- 
liminary article appearing in 1926 a method was described in which 
energy was conveyed to the body whose specific heat was desired by 
bombarding it with slow cathode rays in a vacuum. This way of 
applying energy had been previously used qualitatively to drive off 
gases and to produce fusion in a vacuum, but quantitatively it seems 
to have been employed only to determine the heat of evaporation 
of certain metals and in that case with but little success. In general 
the following is the arrangement. In a high vacuum the body whose 
specific heat is to be measured is made an anode in front of a source 
of electrons. From the quantity of electricity reaching the experi- 
mental body and the number of volts through which it falls the 
contributed energy is calculated. The rise of temperature is gotten 
by a thermo-element. The temperature at which the experiment 1s 
conducted is governed by an auxiliary heating coil. 

Whatever X-rays are produced by the electrons in striking the 
anode are negligible since their energy is very small. The electrons 
upon leaving their source, a hot cathode, have a calculable amount of 
thermal energy. Further, when the impinging particles are incor- 
porated with the anode there is a setting free of potential energy. 

During the experiment a MacLeod gauge showed generally a 
pressure of about 1 to 5 x 10° mm. mercury. The fall of potential 
of the bombarding electrons did not exceed 300 volts. 

For copper the values of the specific heat rose from .0947 at 
100° to .1120 at 800° C. They are given at intervals of 100°. With 
lead determinations were made both below and above the melting- 
point, 327°. Most of the observations below the melting-point were 
made on ordinary lead while pure metal was used for the liquid. At 
50° the specific heat was .0312 and at 327° .0362 for the solid state 
and .0388 for the liquid. In the case of the solid ordinary lead 
from 300° onward the specific heat increased considerably, thus indi- 
cating that the process of melting was spread over an interval as 
is true for alloys to which this not chemically pure lead belonged. 
On the contrary the pure lead showed no departure from its regular 
course as it was heated up toward the melting-point, even when the 
temperature intervals at which the specific heat was measured were 
reduced to as little as .3°. At the melting-point there was a sudden 
jump of 7 per cent. in this quantity. From .0388 at 327° it descended 
to a minimum of .0367 at 435° and at 500° became .0370. The heat 
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of fusion of lead was also determined and found to be 5.65 cal./gr. 
The sensitiveness of the method is evidenced by the results just cited. 

Only about I c.c. of tin was used in the experiments to see 
whether the method could be employed for so small a mass of metal. 
The results were poor. With ammonium chloride, a poor conductor 
of heat, sealed in a container of copper foil, the method worked 
well. At 184.5° the substance underwent a modification which mani- 
fested itself by a sharp drop in the value of its specific heat. 

The specific heat of solid iron rose from .1150 at 100° to .2300 
at 700°, the rate of increase becoming greater per 100° as the 
melting-point was approached, but dropping with striking rapidity 
from .3200 at 760° to .2095 at 800°. The significance of 760° is 
that it was the A, point, or Curie point, for the iron used, the 
temperature at which iron loses its ferromagnetism. Iron has still 
another temperature of transformation below 1000°, the A, point at 
about 906°. “ The specific heat began to increase at 904°, passed 
through a very high maximum at go8° and reached the normal value 
again at 911°.” 

Like iron, nickel has a maximum value for its specific heat at its 
Curie point, which was at 360°, after which a rapid decrease occurs. 
This is followed at higher temperatures by an increase. 

This new method is especially valuable for its fitness to trace 
changes in specific heat at melting and transformation points. 


G. F. S. 


The World’s Water Power.—The extent of the industrial 
development of a nation, which is the modern measure of its civiliza- 
tion, can probably be gauged best by the extent of its use of mechani- 
cal energy. For this reason it is interesting to compare the extent 
to which the water-power resources of various countries have been 
utilized and the progress which is being made in building new plants. 
In both respects, according to an estimate made by the Department 
of the Interior through the Geological Survey, the United States 
leads all other countries of the world, and in the capacity of its 
constructed plants it nearly equals all Europe. The total for the 
United States at the end of 1926 was 11,700,000 horsepower for 
plants of 100 horsepower or more, as against 13,100,000 horsepower 
in Europe, presumably for plants of all sizes. In the six-year period 
1921 to 1926 the capacity of constructed plants in the United States 
of 100 horsepower or more increased 3,800,000 horsepower, while in 
Europe the increase in plants of all sizes was 4,200,000 horsepower. 
During the last three years of that period, however, the rate of 
increase in the United States was much greater than during the first 
three years, whereas the rate of increase in Europe showed a decline. 
The leading countries in Europe in the use of water power and the 
capacity in horsepower of their constructed plants in 1926 are as 
follows: Italy, 2,300,000; France, 2,000,000; Norway, 1,900,000; 
Switzerland, 1,850,000; Sweden, 1,350.000. 
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The developed water power of Africa amounts to only about 
14,000 horsepower, but Japan has built plants aggregating 1,750,000 
horsepower, and India 200,000 horsepower. New Zealand has some 
large plants under construction, but those completed have a capacity 
of 60,000 horsepower. The Dutch Islands of Java, Sumatra, and 
Celebes have plants of 80,000 horsepower. Tasmania’s plants have 
a capacity of 75,000 horsepower. Australia depends mostly on fuel 
plants and has utilized only 2000 horsepower of its water-power 
resources. 

In South America, Brazil leads the other countries by a wide 
margin, with 500,000 horsepower, most of it used in Rio de Janeiro 
and Sao Paulo. Chile’s plants amount to 114,000 horsepower, and 
Peru’s to 55,000 horsepower. 

Coming back to North America, we find that Mexico has plants 
with a capacity of 300,000 horsepower. A large part of this capacity 
is in plants supplying Mexico City and there is not much activity 
in building new plants. Newfoundland has a large new plant for the 
manufacture of paper that increases its total to 160,000 horsepower. 
But the only real competitor of the United States in the whole world 
is our neighbor, Canada, whose plants had a total capacity of 
4,556,000 horsepower at the end of 1926, an increase of 2,138,000 
horsepower since 1920. 

At the end of 1926 the developed water power of the world was 
as follows: North America, 16,800,000 horsepower; South America, 
750,000; Europe, 13,100,000; Asia, 2,100,000; Africa, 14,000; 
Oceanica, 240,000; total of 33,000,000. As the total capacity of the 
water-power plants of the world in 1920 was 23,000,000 horsepower, 
there was an increase of 43 per cent. in the six years. 


Ultra-violet Rays of Sunlight—Lronarn HILL (Proc. Royal 
Soc., London, 1927, B, 102, 119-128) has measured the biologically 
active ultra-violet rays of sunlight. He finds that a great loss of this 
radiation occurs in smoky cities. Less of this radiation reaches 
the surface of the earth in winter than in summer. A greater amount 
of these rays was received at Davos, Switzerland, than at the most 
favored British place, while Assouan in Egypt received a still greater 
amount than Davos. | 


Mold in Butter—H. Macy and W. B. Comnus (University of 
Minnesota Agricultural Experiment Station Bull. 235, 1927, 1-31) 
have made a field study of the sources of mold in butter at sixteen 
creameries. They find that the chief sources of mold are the raw 
milk and cream, and the creamery equipment, such as pipes, pumps, 
and churns. Other possible sources are the water, the starter, the 
salt, and the parchment paper. Practically all the sources may be 
eliminated by thorough pasteurization of the cream and thorough 
sanitation in the creamery. e SF 


274 CURRENT TOPICS. [J-F 


Two Adverse Conceptions of the Nature of Light and Their 
Synthesis. Lours DE BroGLiz. (Scientia, 1, ix, 1927.)—Jules 
Tannery has made the profound observation that from the beginning 
of thought human beings have divided themselves into two groups. 
The one everywhere finds and seeks for continuity, while the other 
seeks and finds discontinuity. In mathematics these opposing ten- 
dencies are illustrated by the study of discontinuous numbers on the 
one hand, and of continuous functions on the other. In physics dis- 
continuous conceptions are such as the atomic theory of matter and 
the kinetic theory of gases, while the optical theory of Fresnel and 
the electromagnetic theory of Maxwell belong to the opposite aspect. 

In the study of dynamics from the seventeenth century onward 
the two points of view have shown themselves. On the one side 
we have the dynamics of particles and of assemblages of particles, 
and on the other the dynamics of continuous media. Yet the two 
views have by no means maintained entire isolation. In hydrodyna- 
mics, for example, the prevalent conceptions of continuity are not 
objectionable to the most convinced atomist because he understands 
the density and other properties of liquids as statistically representing 
on the scale of human perception the resultant of actions of the 
particles in which he believes. In the motion of a material particle 
in a field of force the governing relation is this, mass x acceleration = 
force. The very introduction of such a concept as force, which 
varies from point to point, is a concession to continuity, and is 
fundamentally an admission that the motion of the particle depends 
on a property of the space surrounding it. “ We see then that in the 
domain of dynamics the two great tendencies of our minds have had 
free course and that they have been obliged to make mutual conces- 
sions. Here, as in many other fields, progress has been established 
by the equilibrium between opposing tendencies.” 

In optics the same conflict is seen. Lucretius held that light con- 
sists of particles in motion. Huyghens advanced the wave theory of 
light. Newton lent the weight of his genius to the support of the 
corpuscular theory and his were the prevalent conceptions up to the 
beginning of the nineteenth century when Young and Fresnel turned 
the scale to the other side and made the scientific world believe the 
undulatory theory. Maxwell later changed the meaning of this 
theory but left its large features untouched so that down to the advent 
of the theory of relativity men had confidence in the existence of a 
continuous medium that transmitted the vibrations causing the sen- 
sation of light. 

While the theory of a continuous ether was establishing itself 
in physics the discontinuous theory of atoms was gaining an equally 
signal victory in chemistry, a victory extended to the territory, of 
physics by the success of the kinetic theory of gases, and by Perrin’s 
work on Brownian movements. Then the idea of atomicity was 
applied to electricity and the electron seems to have become per- 
manently established. Lorentz recast electrical theory so as to make 
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it hospitable both to the electron and to Maxwell’s theory of con- 
tinuity. “‘ Here again we see the same two fundamental tendencies 
compelled to make concessions one to the other, the partisan of 
discontinuity being constrained to admit the representation of the 
electromagnetic field by continuous functions while the advocate of 
continuity had to adjust himself to the existence of elementary 
particles of electricity.” 

About the beginning of the present century Planck presented his 
strange conception, the quantum. In the radiation of a black body 
classical views led to a law of the distribution of energy that varied 
from observed facts. To get a reconciliation of theory with experi- 
ment the German physicist made the following postulate, “ Exchanges 
of energy between matter and radiation having a frequency of v 
cannot take place except in finite quantities equal to hv, h being a 
new universal physical constant.” The quantum theory has many 
successes to its credit. Its train of victories makes clear two con- 
clusions: (1) The former theory of the dynamics of a material 
particle was incomplete because it led to a wrong deduction. (2) The 
conception of radiation as a continuous phenomenon is likewise lack- 
ing, because radiant energy is admitted and absorbed by quanta. 
The first conclusion is strengthened by the valuable results obtained 
by Bohr from applying the quantum theory to atomic mechanics. 

In the present century it is the photo-electric effect that has done 
most to change our ideas of the nature of light. Matter under the 
influence of light ejects electrons whose kinetic energy depends not 
on the intensity of the incident light, but upon its frequency. Einstein 
in 1905 applied the conception of the quantum to this phenomenon 
and derived a numerical relation that has found wide experimental 
verification. The hypothesis of light quanta means a return to the 
ideas of Newton. Its acceptance to the exclusion of the undulatory 
theory would bring with it the impossibility of explaining diffraction. 
The discovery of a new effect made by A. H. Compton in 1923 went 
far to confirm belief in the quantum theory. He found that a part 
of the X-radiation falling upon matter is lowered in frequency by 
being diffused. This is explained as follows: A quantum of light 
impinges on an electron. The result is that the quantum subsequently 
has less energy and a smaller frequency. The theory developed at 
the same time by Compton and by Debye has been found to agree 
quantitatively with experimental results. 

We have thus on the one hand such luminous phenomena as inter- 
ference and diffraction and on the other the Compton effect and the 
facts of photo-electricity. The wave theory of light explains the 
first group of experimental results and the quantum theory the 
second. Is there no possibility of a theory applicable to both sets 
of phenomena? In the opinion of the author “a material point can 
no longer be regarded as an isolated unit but rather as the centre of 
an extended undulatory phenomenon inside of which it forms a 
singularity. The quantum of light must also be a material point, 
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no doubt of a particular nature, yet not essentially different from 
other similar particles. It likewise is a singularity within the wave 
and the laws of wave propagation determine the movement of this 
singularity.” Dynamics has hitherto given all its attention to the 
singularity and neglected the accompanying wave. Its results have 
been correct in most cases but not correct when it is impossible to 
leave out of account everything but the singularity. The classical 
theory of optics has fixed attention on the wave and disregarded the 
singularity within. The synthesis of the two points of view with 
which the names of De Broglie and Schrodinger are connected has 
already had considerable success. “In the series of successive 
approximations by which Science is constructed a new stage seems to 
have been reached.” 

On the first page of Le Matin (Paris) for November 17, 1927, 
and in the first column of the page, Charles Nordmann discusses 
De Broglie’s theory. What shall be thought of a newspaper that 
gives its most prominent space, not to murders and scandals, but to 
abstract scientific theory ? G. F. S. 


The Magnetic Susceptibility of Some Binary Alloys. J. F. 
SPENCER and Miss M. E. Joun. (Proc. Roy. Soc., A773.)—When 
Heusler produced alloys that belonged to the ferromagnetic class of 
substances along with iron, cobalt and nickel, by melting three metals 
together, no one of which by itself belonged to that class, he added 
one more problem to the many already waiting for solution in the 
field of magnetism. This paper presents still other strange magnetic 
results. “ The object of this research has been to find a connection 
between the mass susceptibility and chemical composition of a num- 
ber of binary alloys of several metals.” The mass susceptibility is 
found by dividing the magnetic moment per gram developed in a 
substance placed in a magnetic field by the strength of the field. 
Measurements of the susceptibility were made with a Curie and 
Cheneveau magnetic balance in which the field of the permanent. 
magnet had a strength of 640 gauss. 

“The binary alloys of gold with lead, tin and cadmium, lead 
with silver, tin and bismuth, and tin with aluminum and cadmium 
have been examined over the whole range of compositions. The 
metals from which these allovs were prepared were the purest obtain- 
able. Each metal was analyzed before use, particular care being taken 
to ascertain that iron was not present in appreciable quantity.” The 
constituent metals were melted together in an electrically heated cru- 
cible and the resulting alloy was cast into a rod. From this was 
cut the test-piece, and adjacent portions of the rod on each side of 
the test-piece were analyzed. This was worked into a cylinder of 
36cm, diameter and .65 cm. length. “ It was then washed in hydro- 
chloric acid to remove possible traces of iron which may have become 
attached to it during the trimming. The washing was repeated until 
a constant value was obtained for the susceptibility.” 
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The following values were found for a million times the mass 
susceptibility of the pure metals, temperatures being confined to the 
range from 18° to 20.5°: Silver, -0.201; lead, -0.119; cadmium, 
0.156; tin, +0.044; gold, -0.118; aluminum, +0.583; bismuth, —1.24. 
Note that with the exception of tin and aluminum all the metals 
used were diamagnetic. 

Silver-Lead Alloys.—Since both of these metals are diamagnetic 
and have values of the mass susceptibility lying close together, it 
might well be expected that their alloys would all be diamagnetic 
and to about the same extent as the two constituent metals. How- 
ever, when alloys containing a small proportion of silver were tested 
it was discovered that the addition of this metal did not cause the 
susceptibility to approach that of silver but, on the contrary, made 
it have a smaller negative value than that of lead. As alloys with 
more and more silver content were made and examined, it became 
clear that this slight change continued in the same direction until 
about 40 per cent. by weight of the alloy was silver. Then with 
further increase in the proportion of silver the susceptibility rapidly 
increased, becoming zero for 45 per cent. of this metal. The mean- 
ing is that the alloy containing 55 per cent. lead and 45 per cent. 
silver is non-magnetic. Alloys with percentages of silver in excess 
of 45 have a positive susceptibility, that is, they are paramagnetic in 
character. The maximum positive value of the susceptibility is 2.03 
and is for an alloy containing 70.8 per cent. silver. For alloys with 
still greater silver content the susceptibility rapidly falls, becomes 
zero for 99.1 per cent. silver (where the alloy is again non-magnetic) 
and finally as the alloy ceases to contain any lead is once more 
negative. We have here a series of alloys of two diamagnetic metals 
that never shows as strong a diamagnetic character as silver alone, 
so long as any lead whatever is present, and that 1s actually para- 
magnetic for nearly half of the possible alloys made from the 
two metals. 

Gold-Lead Alloys.—These are quite as anomalous as those just 
considered but in a different way. Let it be noted that gold and lead 
have almost exactly the same susceptibilities. In spite of this the 
addition of 6 per cent. gold causes the negative value of the suscepti- 
bility to become nine times as great as that of either constituent. 
Alloys richer in gold are less strongly diamagnetic until for gold 
contents of 38 per cent. and 44 per cent. the respective alloys are 
non-magnetic. Alloys between these two limits are paramagnetic in 
nature, though only feebly so. 

Gold-Tin Alloys‘ The addition of a small amount of gold to 
tin yields a diamagnetic alloy; the curve crosses the zero-susceptibil- 
ity line at about 6 per cent. of gold and does not reenter the 
paramagnetic region at any point of its course.” All gold-cadmium 
alloys have small susceptibilities. There are no less than four alloys 
which are non-magnetic. Both aluminum and tin are paramagnetic, 
yet nearly all of their alloys are diamagnetic. For the alloy contain- 
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ing 76 per cent. of tin the value of the susceptibility is almost as 
great as for bismuth. Two alloys are non-magnetic. There is only 
one bismuth-tin alloy that is non-magnetic. Moreover there is but 
one non-magnetic cadmium-tin alloy and likewise one lead-tin alloy. 
The lead-tin alloys are the only ones examined that show regularity. 
“The susceptibility falls fairly regularly from the value of pure tin 
to that of pure lead.” G. F. S. 


Infra-red Radiation of Hydrogen. A. H. PoETKER. (Phys. 
Rev., Oct., 1927.)—In 1885 Balmer discovered that the wave- 
lengths of the longest-known hydrogen lines, Ha, Hg, H,, and Ha, 
are connected by simple numerical relations and can be calculated by 
substituting small whole numbers for letters in a formula. This 
relation is now understood because these lines are due to transitions 
of electrons to the two-quantum end state. Lyman in 1914 detected 
in the ultra-violet the series of lines due to transition to the one- 
quantum normal state, and Paschen in 1909 found two lines in the 
infra-red belonging to the transition of electrons from outer orbits 


to the third stable orbit. The formula for this series is -$ = 109,677.7 


z 5) , where A is the wave-length of the lines of the series. The 


wave-length of the line farthest from the visible spectrum is calcu- 
lated by substituting 4 for n in the above equation. For the next 
line 5 replaces n and so on. A few years ago Brackett was able to 
identify three more members of the Paschen series, but his method 
of investigation did not permit accurate measurement of their wave- 
lengths. Poetker has succeeded in photographing six higher mem- 
bers of the Paschen series, for which n has the values from 6 to 
II, inclusive. 

The tube containing the hydrogen from which the light was 
emitted was about two metres long in the shape of an inverted U. 
The gas was supplied continuously to the tube, which was also 
exhausted continuously. A 6g00-volt, 5-kilowatt transformer excited 
the tube. By adjustment of pressure and current density the 
“black” stage was maintained in the tube. The radiation from 
most of the tube then consisted of nothing but Balmer lines. Light 
was taken end-on from the tube and dispersed by a plane grating 
with 15,000 lines to the inch. The photographic plates used were 
the neocyanin plates recently made by the Eastman Company. These 
were hypersensitized just before use. With long exposure to strong 
radiation these plates have recorded the mercury line of length 
11,288 A.U. Even with long exposure the photographic record 
was very faint, but the author characterizes them as “ unmistakable.” 
Owing to the width of slit used and to the weakness of the lines there 
may have been, it is said, an error of as much as 1 A.U. (.00000001 
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cm.) in the measurements of the wave-length. The following table 
allows us to compare the measured values of the wave-lengths with 
those derived from the formula given above. 


Line. Observed in Air. Calculated Value. 
P 18,751.3 (Paschen) 18,751.4 
Po 12,817.6 (Paschen) 12,818.3 
P, Not measured (Brackett 1.094) 10,938.2 
P; 10,049.8 10,049.5 
Pi 9,546.2 9,546.0 
P, 9,229.7 9,229.1 
Pe 9,015.3 9,014.9 
P, 8,863.4 8,862.9 


In no case do the observed and calculated values differ by as much as 
one Angstrom unit. 

In the course of the experiments a vigorous secondary spectrum 
manifested itself, on which little had been published. This was 
photographed. Four hundred and twenty-five lines were measured, 
ranging in length from 10,654.5 to 7504.5 A.U. These are members 
of the molecular spectrum of hydrogen. G. F. S. 


The Diffraction of Light at Steel Edges. F. JENTzscH. (Ann, 
der Phys., 84, No. 2.)—About forty years ago Gouy and W. Wien 
showed that light becomes polarized by being diffracted about a 
metallic edge and that a considerable charige of phase occurs when 
the angle of diffraction is large. In this paper the test of experiment 
is applied to the theories which Epstein and Sommerfeld have 
advanced to account for the observed phenomena. That of Epstein 
agrees better with the facts though neither one shows more than a 
qualitative accord. Since Epstein’s formula is applicable only for 
values of the radius of curvature of the edge that lie near 1/6p 
(4.001 mm.), attention is directed to the geometrical constants of 
the diffracting margin. Accordingly the author puts at the head of a 
section of his paper the question, “ How sharp is a razor blade?” 
Reproductions of photographs are given, showing the edges of micro- 
tome blades with 800-fold magnification. They are uneven and 
saw-like, the precise nature of the irregularities depending upon the 
method of sharpening. The resulting edge is much more saw-like 
when the direction of motion of the blade over the hone makes an 
angle of 45° with the line of the blade than when this angle is small. 
One razor blade showed only small departures from linearity even 
under 1000-fold magnification. Methods of whetting blades that 
tend to make them free of inequalities do not produce the sharpest 
cutting edges. A blade without tiny saw-teeth does not cut as well 
as one having them. In addition to the projections resembling saw- 
teeth the line of the edge has the defect of being generally wavy in a 
plane perpendicular to the blade. To sharpen a blade means to 
remove this wavy contour, since the presence of little saw-teeth is 
not a hindrance to cutting. Continuing too long to sharpen a blade 
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may result in making it duller by reason of removing the saw-teeth. 
The linearity of excellent blades was examined under 1200-fold 
dimensional magnification. The cutting edge then appeared to con- 
sist of a line of bright points. Two pictures show departure from 
a straight line though, of course, to but a small extent. 

A method for measuring the thickness of the blade near its cut- 
ting edge was devised with the use of the microscope. This showed 
that the sides of the blades are not planes. The radius of curvature 
of the edge seemed to be from 1 to 2p. 

It is quite clear that the irregularities of the limiting edge would 
reflect once or more a part of the beam of light used in the study of 
diffraction. Thus there would be superimposed upon regular diffrac- 
tion certain effects for which allowance cannot be made. Search was 
therefore made among crystals for edges beyond reproach but in vain. 
Equally without result was the endeavor to avoid the difficulty by 
other means, so that up to the present there seems to be no means 
of getting a geometrically satisfactory edge for the study of 
diffraction. G. 


The Use of Radio-elements as Indicators. Fritz PANETH. 
(Nature, December 17, 1927.)—For the past generation radio-active 
substances have received so much attention and so much research has 
been devoted to them that it seems only fair that they should in 
turn make a contribution to the number of general methods of 
investigation. Their use as indicators is facilitated by the fact that 
by the movements of an electroscope it is possible to detect and even 
to measure exceedingly small quantities of radio-active matter. 
“From the radio-element thorium C, for example, which can very 
frequently be used as an indicator, 10-'7 gm. allows for exact quali- 
tative and quantitative determination.” 

It is the electrical charge on the nucleus of an element that 
determines its chemical properties. This charge is found by sub- 
tracting the sum of the negative charges on the electrons in the 
nucleus from the sum of the positive charges upon the protons here 
located. The same excess of positive charge can, of course, exist on 
very differently constituted nuclei which possess different masses 
and consequently also different atomic weights. These isotopes, 
possessing different atomic weights but the same nuclear positive 
charge and the same number of planetary electrons, can be separated 
only by means of those properties that depend upon differences in 
their nuclei. Since their nuclear charges are the same they cannot 
be separated by chemical means but, since their atomic weights are 
not the same, velocity of evaporation should vary from one isotope to’ 
another. Indeed, by this means two varieties of mercury of slightly: 
different densities have been prepared. In the use of radio-elements | 
as indicators a small quantity of a radio-active element is added to 
a considerable quantity of an inactive element isotopic with it. The 
two will go through all chemical processes together but only the 
radio-active constituent will affect the electroscope. It is something 
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like banding a few birds in order to study the migratory: habits of 
the whole species. 

In making choice of a radio-element to serve as an indicator, 
preference would naturally be given to one that can be detected in 
small quantities, that is, to one with intense emission, but it is just 
such a one that dies away with rapidity, i.e., that has a small half- 
value period. This consideration rules out the employment of tho- 
rium C’, half of which is transformed in 107 sec. The author gives 
a list of all available radio-elements with an indication of the best for 
use as indicators. 

The vanishingly small solubility of lead chromate at room tem- 
peratures can be measured with little labor with a radio-active indi- 
cator. Active thorium B is added to a soluble lead salt. From the 
mixture the chromates of the two constituents are prepared by the 
usual chemical methods. A small volume of the saturated solution 
of these salts is evaporated to dryness and the radio-activity of the 
microscopic residue is measured by the electroscope. From the 
quantity of the radio-active chromate found is inferred the mass of 
the inactive salt. | 

“ Proof of the actual fact of dissociation, and of the interchange 
of ions, is readily obtainable with the help of the radio-elements, 
mixed, in accordance with the procedure just outlined, with their 
inactive isotopes. It is possible to demonstrate in this way the fact 
that the particular atoms or radicals assumed to be liberated by 
electrolytic dissociation do not retain their places in given molecules, 
but are free to move back and forth from one place to another. If, 
for example, equimolecular amounts of an inactive lead chloride and 
a radiochemically sensitized lead nitrate in aqueous solutions are 
mixed together, and the lead chloride is allowed to crystallize again, 
it will be found that the active lead atoms are distributed proportion- 
ally between chloride and nitrate, and must therefore have migrated 
in solution from lead nitrate to lead chloride until the kinetic equi- 
librium has been established.” 

During the war radio-elements found application as indicators in 
the testing of the permeability of rubberized fabrics to gases. A 
trace of radium emanation was added to the gas used. The storing 
up and elimination of bismuth in the organs of guinea-pigs has been 
studied by adding to the salt of this element some radium E which is 
isotopic with it. The self-diffusion of lead into lead has been 
measured by Hevesy. He sealed up in a glass tube a cylinder of 
lead composed for three-fourths of its length of ordinary lead and 
for the remaining length of lead activated with thorium B or, for 
lengthy experiments, with radium D. The cylinder was carefully 
melted and maintained at a definite temperature for several days. 
After: solidification had been permitted analysis of the different 
portions of the cylinder’ made it possible to calculate the rate at 
which the “ marked lead atoms had diffused into the ae r 
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The Height at Which Large Meteors Appear and Disappear. 
ALFRED WEGENER. (Meteorologische Z., August, 1927.)—The phe- 
nomena of meteors can provide valuable information concerning the 
regions of the atmosphere that lie more than 30 kilometres above the 
surface of the earth. Though somewhat remote this portion of the 
earth’s envelope is of importance on account of its influence upon 
the transmission both of electrical and of sound waves. Lindemann 
and Dobson a few years ago made a study of the elevations at which 
shooting stars finally disappeared after completing their luminous 
course. They tabulated the numbers of these bodies disappearing 
at different heights. The distribution is not the same for summer as 
for winter. In both seasons the number disappearing grows larger 
as heights farther and farther above 25 or 30 km. are considered 
until a maximum is attained at 45 km. For greater heights the 
number disappearing dwindles until at about 65 km. a minimum is 
reached. For still greater elevations there is a sharp increase in the 
number until in summer the greatest number disappears at a height of 
85 km. and in winter at 75 km. Very many more shooting stars cease 
to be seen at these high maximum points than at the level of 45 km. 

Wegener thought it to be of interest to make a similar exami- 
nation of the heights at which larger meteors, such as fire-balls and 
detonating meteors, make their appearance and subsequently dis- 
appear. Fortunately there was ready at hand a catalog of data for 
611 large meteors. Such bodies are visible for approximately 10 
sec. Hence their speeds are obtainable with considerable accuracy. 
Against the geocentric velocities in steps of 10 km. are arranged 
mean heights of appearance and of disappearance along with the 
number. of meteors for each velocity. The velocities range from 
o to 110 km. per sec. As would be expected, the greater the speed, 
the higher the level at which they appear and also disappear. For 
the disappearance from view of the meteors under examination the 
elevation of 47 km. has some special significance, because “at this 
height disappear not only the meteors with speeds of from 40 to 50 
km./sec. but also all with lower velocities down to the range of 
from, 10 to 20 km./sec., whose termination would be expected at 
lower levels. In other words, at 47 km. some obstacle seems to 
exist.” About 70 per cent. of all the meteors tabulated finished their 
visible courses near the height of 47 km. 

A study of the number of large meteors appearing at different 
levels and of the number disappearing at various levels shows that 

“most often the luminous paths begin at about 100 km. above the 
earth and end at 30-40 km.” The same two maxima occur in the 
frequency-elevation of disappearance curve as was observed by 
Lindemann and Dobson, but their relative importance 1s reversed. 


G. F. S. 


John Richardson Young, a Pioneer Physiological Chemist in 
America.—WILLIAM Foster, of Princeton University (Jour. Chem. 
Education, 1927, 4, 1499-1504), describes the pioneer work of John 
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Richardson Young on the chemistry of digestion. Young was born 
at Hagerstown, Maryland, about 1782, was educated in arts at the 
College of New Jersey, now Princeton University, from which he 
graduated in 1799, and in medicine at the University of Pennsyl- 
vania, from which he graduated as a Doctor of Medicine in 1803. 
His doctoral thesis was entitled “ An Experimental Inquiry into the 
Principles of Nutrition and the Digestive Processes.” Among his 
teachers were Benjamin Rush and James Woodhouse. His research 
was made on laboratory animals, such as frogs, snakes, and lizards, 
and on human beings. Study was made of the processes of digestion 
in the stomach of the common large bull-frog, removing the gastric 
contents for observation at intervals of time. Digestion in the human 
stomach was studied by examination of gastric contents regurgi- 
tated a definite time after ingestion of a test meal. He also obtained 
pure gastric juice, and studied its action on substrates in vitro. 
Young recognized the presence of an acid in the gastric secretion, 
but erroneously thought it to be phosphoric acid; he also demon- 
strated that acid gastric juice prevented putrefaction. This pioneer 
American physiological chemist died at Hagerstown on June 8, 
1804, in the twenty-second year of his age. JSH., 


Domestic Use of Electric Power. (Department of the 
Interior, Press Memorandum. )—The estimated output of nearly 
80,000,000,000 kilowatt-hours of electric power for the United States 
in 1927, if it could be converted into equivalent man power, would 
provide the average family of about four persons in the United 
States with the services of eleven able-bodied mechanical laborers 
working eight hours daily, including Sundays and holidays, at a total 
cost for the eleven of about $75 a year. 

The total production of electricity by public-utility power plants 
In 1927 is estimated by the Department of the Interior, through the 
Geological Survey, at about 79,700,000,000 kilowatt-hours, an increase 
of about 8 per cent. over the output for 1926, which was 73,791,- 
000,000 kilowatt-hours. The estimate for 1927 is based on reports 
of monthly output of electricity by public-utility power plants for the 
eleven months, January to November, and estimated figures of out- 
put for December. The latest monthly report, released January 4th, 
a the figures of monthly output for September, October, and 

ovember. 


Tuberculosis.—Lovuis I. DuBLIN and Georce H. VAN BUREN 
(Tubercle, 1927, 9, 22—31) discuss the declining death-rate from 
tuberculosis in the United States. Of the twenty states included in 
the registration area in 1910, each has shown a large decrease in the 
number of deaths from tuberculosis per 100,000 of population. This 
decrease has been practically continuous at each five-year period; 
thus the rate in Pennsylvania has been : 133.8 in 1910; 129.2 in 1915; 
105.0 in 1920, and 77.0 in 1925. The decrease has been much 
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greater in the urban than in the rural areas of the country. The 
reduction in the tuberculosis death-rate has extended to both the 
white and the colored races, but has. been less pronounced among 
colored people than among Caucasians. These results are attributed 
to health education, and improved hygienic conditions in the home 
and in the industries. Evidence éxists that tuberculosis must either 
ultimately disappear or become a relatively rare disease. J r 


Use of Protective Colloid with Nessler Solution—H. M. 
CuiLes (Jour. Am. Chem. Soc., 1928, 50, 217-221) recommends 
the use of an ammonia-free aqueous solution of gum arabic as a 
protective colloid to prevent the precipitation of the colored com- 
pound by inorganic salts when Nessler solution is added in the 
colorimetric determination of nitrogen. The gum arabic solution 
contains 5 per cent. of that gum and is rendered ammonia-free by 
means of Permutit; it is used in the ratio of 3 c.c. for each 5 c.c. 
of Nessler solution. The ammonia solution—standard or unknown 
(e.g., solution from Kjeldahl digestion)—1is neutralized prior to 
addition of the protective colloid and the Nessler solution. 
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LIGHTING IN INDUSTRY.* 
i BY 


DUGALD C. JACKSON, C.E., 


of the Massachusetts Institute of Technology; Chairman of Committee on Relation of 
Quality and Quantity of Illumination to Efficiency in Industry. 


It is usual to allow one’s meditations to rest on steam 
transportation by land and sea, and on electric communication 
of intelligence, equally by land and sea, as twin supporting 
pillars in the industrial civilization of our present era. That 
is quite right. Each is the outcome of experiments and 
discoveries beginning in the latter part of the eighteenth 
century which laid bare the germ-like buds of the principles 
which underlie our practice of today. Further discoveries and 
inventions made during the first part of the nineteenth century 
expanded the buds to full flower. Additional blossoms have 
been and still are being added continually. 

These twin agencies, transportation and intercommuni- 
cation, however, are more than supporting pillars of an 
industrial civilization. They have entered into the intelli- 
gence of nations and expanded their souls. They have 
changed the aspects of life for common people in most of 
the world. If they have not yet made the world of one 
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heart, they have wrought the approximate miracle of making 
all harvests throughout the civilized world available to serve 
hunger wherever it may be. They have killed the old specter, 
famine, in all civilized parts of the world. 

Such thoughts are characteristic in this age. We rejoice 
in the advantages derived from these servants of civilization. 
We strive to expand their reach. We improve our practice 
in their use and we add to our methods of applying power in 
both transportation and communication. Why do we not 
give equal reflection to methods of lighting? The earliest use 
of artificially produced light by means of some sort of a 
torch seems to be lost in the obscurity of prehistoric antiquity, 
like the earliest use of the wheel for purposes of transportation. 
We can only guess the manner of discovery and application 
of each by some individual, who was less muscle-ambitious 
and more brain-ambitious than general humanity in the crude 
prehistoric days. A slow and gradual improvement of lighting 
devices occurred: while history and civilization gradually un- 
folded, but (as in transportation and electric communication) 
the discoveries and inventions in the latter part of the 
eighteenth century and the first half of the nineteenth were 
required to put artificial illumination in the garments of a 
hand-maiden of civilization. 

Much of our daily illumination comes to us free, like air 
and water. We therefore fail to consider the benefits con- 
ferred by artificial illumination of high quality which lengthens 
the hours for creative work and recreative play. When these 
advantages are analyzed, it is plain that, in importance to 
our industrial age, artificial illumination now stands a peer of 
transportation and quick intercommunication. .Do we suffi- 
ciently utilize the qualities which it affords? The research 
which I will describe is an attempt to gain a partial answer 
to that question, confined to illumination in the industries. 

Finding itself with a gift of funds for the purpose, the Na- 
tional Research Council, through its Division of Engineering 
and Industrial Research, formed a committee with Mr. 
Thomas A. Edison as Honorary Chairman and an eminent 
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membership of industrialists, publicists and scientists, and 
requested the Massachusetts Institute of Technology to 
provide headquarters and men for carrying on the research. 
A number of industries offered privileges and aid for carrying 
on tests and investigations in their manufacturing and clerical 
departments; and certain colleges were hospitable in the 
provision of laboratory facilities. One of the most ardent 
progenitors of the work was the late eminent physicist Dr. 
Ernest Fox Nichols, whose lamented death was a loss not 
only to this investigation but to all physics. 


SCOPE OF THE RESEARCH PROBLEM. 

The scope of the problem under investigation was defined 
by the National Research Council as the ‘Relation of 
Quality and Quantity of Illumination to Efficiency in In- 
dustry ’’—an important, but very large and difficult subject 
for a research. It involves rate and quality of industrial 
production and equally involves the obscure subject of 
industrial fatigue. Quality of illumination was interpreted 
to comprise distribution as well as color of the light. Many 
scientific principles of somewhat contradictory and numerous 
confusing characteristics are involved. A program was laid 
out for investigation covering a period of two years, which 
was anticipated to lead to some definitive results of value, 
and indicate where value might be found in further research. 
In realization, the research program took three years and 
the report of the total project is.in course of preparation. 

Some factory lighting investigation within the scope of the 
subject had gone before; but much of the work was of the 
nature of imperfectly controlled observations, and conclusions 
drawn from these observations were open to the criticism of 
being warped by conditions that were not taken into due 
account. It was needful to apply more searching methods 
of research to the problem in order that data might be 
secured from which reliable conclusions could be drawn. 
The program therefore had to be basic, and began with the 
formulation and experimental development of an adequate 
technique, which was no small undertaking in itself. One of 
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the previous investigations was that of Dr. James E. Ives of 
the United States Public Health Service (now a member of 
the research committee) who investigated the influence of 
altered illumination on letter sorting by postoffice employes; 
which gave a number of clear-cut results. 

FOUR BRANCHES OF THE RESEARCH. 

The problem involves three branches of science: Physics 
(of light), Psychology and Physiology. The physics of light 
has many facets, like transmission, reflection, interference, 
intensity, color, overlap of colors and the like. The worker's 
psychology, the physiology of illumination, and the influence 
of illumination on fatigue are seemingly infinitely complex. 
The research itself seemed conveniently divisible into four 
coördinated branches, each including within its borders all 
three of the branches of science before named, since they are 
indivisible in their bearing on factory relations, and the 
relations are not fully divisible even in the most carefully 
guarded laboratory researches into the effect of illumination 
on the mental and physical performance of the human kind. 

These four branches of the research are: 

First. A study and analysis of the scientific and industrial 
literature to learn definitively what had gone before and what 
therein could be used as a sound basis from which to start 
the new research. Dr. Leonard T. Troland of the research 
committee undertook a considerable responsibility for col- 
lating and analyzing scientific literature within the field of 
the research, especially as far as it touched the aspects of 
psychology, and his written report on Analysis of the Litera- 
ture Concerning the Dependency of Visual Functions upon 
Illumination Intensity has been of primary value in showing 
within what range there exists experimental knowledge which 
can be relied on, and also in showing the tenuous character of 
most of the joint psychology-physics data regarding illumi- 
nation. Another analysis by Dr. Troland which was put in 
writing under the title ‘‘The Problem of Deducing the Proper 
Illumination Intensity for Any Given Industrial Operation” 
had value in association with our final critical examination 


Mar., 1928] LIGHTING IN INDUSTRY. 289 


of the validities and faults of our experimental procedure and 
technique. 

Second. Some experimental work by psychologists re- 
quired to fill up certain lacune in information regarding 
sensitivity, discrimination, acuity and fatigue that seemed 
important in connection with our procedure. This mostly 
fell on Doctors Ferree and Rand of the Department of 
Experimental Psychology of Bryn Mawr College, where the 
college laboratory was well adapted for the purpose and the 
experimenters were well experienced in the field. Certain of 
this work has been published by Doctors Ferree and Rand 
through the Illuminating Engineering Society in 1925, 1926 
and 1927. 

Third. Experimental work of a laboratory nature or 
under controls corresponding to those of a laboratory made 
either in the laboratory or in the industries themselves for 
the purpose of securing an understanding of the relations of 
scientific investigations in the subject (which have been made 
in laboratories) with the conditions under which their con- 
clusions may be applied when they are carried over into 
industry. Work of this character was carried on for the 
research committee by Dr. Irving C. Whittemore of the 
Department of Psychology of Boston University, in a room 
specially fitted up with illumination facilities by the Edison 
Electric Illuminating Company of Boston, by Dr. Johnson 
O’Connor at the West Lynn Works of the General Electric 
Company, and in electrical engineering laboratories of: the 
Massachusetts Institute of Technology, besides work by 
Doctors Ferree and Rand at Bryn Mawr College. 

One of the heavy difficulties in making out a procedure for 
definite scientific research in a situation like the one here 
concerned is that psychology investigation in university 
laboratories generally relies on one or two individuals as 
subjects. This may not produce results appropriate to un- 
qualifedly apply in respect to factory workers with their 
multitude of mental and physical influences widely differing 
from those that may bear on the university experimenter. 
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Another is the mental reluctance of some psychologists to 
acknowledge the difference in kind between a usual uni- 
versity research laboratory and a production department of a 
great industry. This distinction between the two cannot be 
broken down on one side without destroying the singleness of 
purpose and exactness of aim which gives to laboratory investi- 
gations their merited repute for refinement and accuracy, or 
on the other side without destroying productive methods of 
the factory. The psychologists who fail to recognize this 
difference in kind would attempt to finally solve all industrial 
problems in the laboratory, which we know cannot be done; 
or they would endeavor to clap laboratory restrictions on the 
factory, which we know would interfere seriously with pro- 
duction, as well as arousing discontent of workers because 
of the limitations on their personal liberty and individual wills. 
Happily, the professional psychologists who are members of 
the research committee, Dr. Knight Dunlap of Johns Hopkins 
University, Dr. L. T. Troland of Harvard University, Dr. C. 
E. Ferree of Bryn Mawr College, and Dr. C. E. Seashore of 
State University of Iowa, freely visualize the conditions, 
and their aid and advice in the research was accordingly 
large. 

Fourth. The fourth coördinated branch of the research 
consists of studies of the factory workers, measurements of 
factory production under different conditions of illumination, 
surveys of eye strain and general fatigue, and the adaptation 
of conclusions and inferences secured in the other branches of 
the investigation to application in the procedure, observations 
and conclusions of this branch, along with suitable verification 
of the soundness of the conclusions regarding “ workers’ 
efficiency.” This, of course, leads to the main objective and 
the three other branches are only collateral aids to following 
out this branch with scientific soundness until conclusions 
of some definitive nature may be relied on. The phrase 
‘workers’ efficiency” is here used in an inclusive way and 
therefore involves personal effects on the worker like health 
and fatigue in addition to production output. 
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In pursuance of this branch of the research, studies, tests 
and experimental investigations were carried out in production 
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Weaving loom under old illumination. John Sidebotham textile mill, Philadelphia. Observe 
heavy shadows at the heddles. 
departments of several important industries, in some instances 
extreme care being taken to avoid modification of the usual 
conditions of production except the illumination effects, and 
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in others intentionally modifying other conditions in a definite 
way for the purpose of securing a more effective experimental 
“control.” The principal observations and investigations of 
this nature were carried on at the Hawthorne Works of the 
Western Electric Company, the Framingham Works of the 
Dennison Manufacturing Co., the Bridgeport Works of the 
General Electric Co., the Plainville Works of the Whiting 
and Davis Co., and the Philadelphia Works of John Side- 
botham, Inc. I will not here go into the details of these 
several projects, each of which proved fruitful to the research; 
and certain of them, that were carried on during successive 
years, were far more fruitful than original anticipations 
promised. Lesser studies have been made in other industries, 
but all typical of industries aggregating great numbers of 
employes. Full details will be published in the Committee’s 
report. In the meantime those who are interested in a 
technique for such tests can refer to a publication in Trans- 
actions of Illuminating Engineering Society entitled ‘‘Tech- 
nique of Economic Studies of Lighting in Industry,” by 
Professor J. W. Barker, who has been Principal Research 
Assistant in the work. 

In planning shop studies, the question of taking the 
workers into confidence by informing them that tests were 
to be made and how they would be executed became one of 
rather serious import. It was desirable that the workers 
should not be mentally disturbed by unusual observations 
being systematically instituted, or by changes in working 
conditions through changed illumination. It was finally con- 
cluded to be best to inform the workers, who would come into 
a test, about it in advance, making them, to some extent, 
interested observers. It usually is impracticable to make an 
industrial research such as this without the involved workers 
knowing that something unusual is going on, and ignorance 
of the facts might stir up antagonisms sufficient to destroy 
the validity of any observed data, or even to make continuance 
of the observations impossible. The Committee is indebted 
to such fellow members as James P. Noonan, Vice-President 
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of the American Federation of Labor, and C. G. Stoll, Vice- 
President of the Western Electric Co., for excellent counsel. 


F1G. 2. 


Same loom as in Fig. 1 when subjected to improved illumination. Observe clearness of threads 
and absence of shadows. 


The psychologists of the Committee also had a hand in the 
solution. 


VoL. 205, No. 1227—21 
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SOME MAJOR FACTORS OF THE RESEARCH. 

A feature in any investigation of illumination is the 
permanent effect, whether beneficial or deleterious, on the 
eyes of those immersed in, or working in the margin of, the 
illumination. There has been much idle gossip in popular 
circles and some, I confess, in scientific circles, about the 
unwholesome effect on the eyes, of this or that, in the way of 
lighting. Exact knowledge, given general circulation, is de- 


General view of long loom bay after introduction of improved illumination. John Sidebotham 
textile mill, Philadelphia. 


sirable. This feature stands out notably as worth following 
to a conclusion, because the considerable number and diversity 
of workers involved in the observations of this research 
indicate that it might be practicable to secure a wide range of 
eye data from which statistical conclusions of some importance 
would be derived. 

Dr. George S. Crampton of the University of Pennsylvania 
took upon his shoulders this feature, and numerous data have 
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been gathered. As far as the matter goes, I think that we 
confirm the well-known benefits to the efficiency and physical 
well-being of workers which arise from using glasses to correct 
lenticular defects which exist in the eves of any individual; 
and also the well-known fact that the perfect eye under the 
influence of varieties of illumination does not alter in a few 
months, if at all, sufficientlv for changes to be detected by the 
usual tests of the ophthalmologists. Whether Dr. Crampton 
ultimately may derive more constructive results from the eye 
data, time only can answer. 

A committee on the Atmosphere and Man (which is a 
joint committee of the Division of Biology and Agriculture 
and the Division of Medical Sciences, both of the National 
Research Council) of which Dr. Ellsworth Huntington of 
Yale University is chairman, is carrying on an investigation 
relating to the effects of atmospheric conditions on industrial 
employes, and we have hoped that some contribution to the 
fatigue side of our research may come from them, in addition 
to what we may extract from our own data. Fatigue of 
industrial workers has been followed quite continuously by 
official committees of Great Britain since the early part of 
the war and their investigations are beginning to bear fruit 
in. the way of apparently verified results within a narrow 
range. Where the data and conclusions of the British Com- 
mittees, and especially of the committees of the government 
Department of Scientific and Industrial Research or of the 
Medical Research Council, relate to the incidence of illumi- 
nation conditions on output or fatigue, or on the relations of 
illumination or fatigue to accident rates, we have found their 
experiences characteristically similar to our own. I will speak 
farther of certain of their results later on. 

The relation of accidents to conditions of illumination has 
been and still is one of our most disturbing problems. In 
other directions, we seem to be able to secure data of reliable 
nature. Preconceived notions of our observers have often 
been shattered and reasons for observed facts often remain 
obscure as yet, but the data themselves can be secured by 
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putting research assistants at work under properly controlled 
conditions in the factories. The situation respecting acci- 
dents, however, is different. Reasoning a priori, one readily 
persuades oneself that industrial accidents are intimately 
related to conditions of illumination, and much has’ been 
written regarding the relation, apparently on the assumption 
that such data are extant. A careful critique, however, leads 
to the opinion that data adequate to prove the relationship 
have not been published, and that the extent of the relation- 
ship is yet to be proved. Possibly the most important aspect 
of poor illumination versus accidents may be traced through 
the influences of different conditions of illumination on mental 
alertness and on fatigue, but the quantitative incidence which 
either alertness or fatigue may have on the accident rate has 
not yet been shown. Indeed the stimulus of suitable illumi- 
nation on mental activity, alertness and sense of well-being 
(cheerfulness), a very important point, has not yet been suit- 
ably investigated by professional psychologists; nor has the 
reaction of that stimulus in preventing or retarding the phe- 
nomena of fatigue. We are still diligently seeking informa- 
tion, although our active research is closed for the present for 
the purpose of preparing our Committee report. After com- 
prehensive data have been gathered in a scientific, statistical 
manner by some agency it will be necessary to eliminate the 
influence of special susceptibility of a few employes (a phe- 
nomenon discovered by the British Committee) and other in- 
fluences disturbing to accuracy of conclusion, before the data 
can be used effectually. 

The recently formed French Commission de 1’Eclairage 
des Usines et des Ecoles, of which Maurice Leblanc is Presi- 
dent, handsomely defined the object and qualities of good 
illumination in a prospectus of the objects of the committee. 
The original is to be found in Vol. 5 (year 1925), page 695, of 
the Bulletin de la Societé Francaise des Electriciens. It may 
be freely translated to say that the lighting in all parts of a 
factory should be of such a character that workers at any 
location may execute their work under conditions encouraging 
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rapidity and excellence because of the wise consideration of 
optic hygiene. 

This quotation, the reports of the British Committees 
already referred to, various studies by semi-official German 
committees, and the program carried on by our committee 
show in common an international recognition of the im- 
portance of proper lighting in industry, and a sentiment that 
the industries as a class are not characterized by proper 
lighting. We doubtless all substantially concur with the 
French definition of what constitutes proper factory lighting, 
viewing it as a philosophical statement of aim. Transforming 
the definition into a workable basis of application is the end 
to be accomplished. This requires a complex formulation of 
relationships in physics, physiology and psychology. Thresh- 
old relations of the eye in absolute sensitivity, discrimination 
of brightness, effect of color, effect of reflection coefficients, 
visual acuity, brightness contrasts, color contrasts, mixture 
of colors, flicker, dazzle or glare, contrast between illumination 
on an object-and intensity of surrounding illumination; the 
relations of all these to eye reaction as a function of intensity 
of illumination; eye adaptation to brilliance, color, distance, 
etc.; the conversion of the eye reactions with each of these 
conditions into a phenomenon called ‘‘speed of vision”’ as a 
function of intensity of illumination; besides the purely 
physiological-psychological phenomena of relations of quality 
and quantity of illumination to cheerfulness and to fatigue: 
these are scientific elements which must be recognized as 
variables affecting the research. Social, physiological and 
psychological elements also affecting the research are home 
life conditions, health, wage methods, supervisory methods in 
the shop, shop equipment, individual temperament of workers, 
and the like. All introduce variables into the data which 
may mask influences due to illumination per se. This array 
rules out any successful establishment of a formula, except it 
be for very simple conditions, and such conditions are not 
characteristic of the problems of lighting in the industries. 
Actual measurements under factory conditions of the response 
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of ‘‘workers’ efficiency” to varied illumination have to be 
resorted to, but laboratory researches may be associatively 
used. 

TESTS IN THE FACTORY PROVED TO BE ESSENTIAL. 

Dr. Troland summarized the situation thus in his report 
on deducing the proper illumination intensity for any in- 
dustrial operation: ‘‘Many of the psycho-physical principles 
which are involved are quantitatively and reliably established. 
It is probable that any concrete industrial situation can 
actually be analyzed so as to become amenable to these 
principles. Experience shows that production tests are sub- 
ject to powerful, irrelevant disturbances and that their results 
are difficult of interpretation and subject to the influence of 
prejudice.” Therefore (at the instance of the committee) he 
set about investigating the possibility of a guiding definite 
formula that would apply to a typical industrial operation 
for predetermining the “proper illumination intensity.” You 
will observe that his statement harks back to psycho-physical 
principles which have been established and therefore assumes 
particular eye characteristics, namely, the eye characteristics 
of laboratory workers. We may pass this over, assuming for 
the momentary purpose that these eye characteristics do not 
materially differ from those of factory workers in general 
when any serious existing optical defects of the latter have 
been corrected by glasses. Moreover, his assigned problem, 
the “proper illumination intensity,” deals with only a part 
of the total problem of illumination, since it refers to intensity 
only, while distribution and color are influential factors in 
the utility of illumination. We may pass this over also, 
since research must proceed in the order of component 
analysis antecedent to a comprehensive synthesis, and a 
reasonably exact expression established for deducing the 
proper value in a fixed industrial situation of even one factor 
of intensity (such as brightness discrimination) would be 
applaudable. 

This being the scene, let us see what solution it leads us to. 
I will again quote Dr. Troland. “At the outset of the 
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present study, the writer was of the opinion that it should be 
possible to develop from existing data a quantitative method 
for reaching the desired conclusions. However, as the work 
has proceeded, it has become progressively clear that the 
data in question [of psycho-physical science] are sadly 
inadequate. Even in the most investigated fields, such as 
that of brightness sensation, the system of laws is fatally 
incomplete and the studies of different investigators do 
not check and dovetail with one another in the required 


manner. ... The first trouble comes in our inability to 
determine all the facts, and reduction to practice is necessarily 
postponed. . . . Considering the problem, first, from the 


general psychological standpoint, we note that response— 
including muscular reactions—rests upon perception and that 
perception in turn depends upon various processes of dis- 
crimination. For the visual case before us we recognize ten 
different forms of discrimination, each of which is a function 
of numerous stimulus and other conditions. These conditions 
determine whether or not discrimination can occur, and their 
minimal values for such occurrence underlie the respective 
discrimination thresholds. We assume that if the threstold 
is passed, perception and response will follow, with relatively 
little loss of efficiency as compared with the results of 
supraliminal values. However, the bearing of variations of 
stimulus conditions above the threshold upon speed and 
accuracy is considered. . . . In order to carry out the above 
general procedure we require an exact formulation of the 
functions which relate the ten visual discrimination processes 
to their conditions or determinants. .. . Although some 
progress is made in this attempt, the final conclusion is that 
the data are not sufficiently complete and consistent to permit 
the formulation of an exact system of deduction even for the 
case of brightness discrimination. As indicated by a tabu- 
lated analysis, the situation is even less favorable with respect 
to the other nine discrimination processes.” 

And this again proves that we are thrown back upon the 
complex and difficult task of investigation in the factories, 
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until psycho-physical data relating to visual phenomena which 
may be investigated in the laboratory are very much more 
fully worked out. Certain empirical rules that are based on 
laboratory science may be used as tentative guides in situ- 
ations to which they appear applicable: for example, the 
Rule of Thirds (lot du tiers) ascribed to Professor Broca as a 
consequence of his laboratory investigations of visual acuity. 
But the basis does not exist for generalizing even in these. 
The paucity of actual knowledge regarding the benefits and 
characteristics of proper lighting have prevented their full 
utilization; suitable fixtures have not always been available; 
and expenditure for a tenuous advantage has seemed in- 
appropriate. Some installations of high intensity illumination 
have been a dis-service instead of a service, and have proved 
expensive mistakes, because of failure to recognize that quality 
(usually in terms of reasonable sources and suitable distri- 
bution) must be established before moderate and higher 
intensities can be endured. Nature in this respect is still 
ahead of man. 


ENUMERATION OF A FEW OF THE RESEARCH RESULTS. 

We may now turn attention to the research results, 
naming a few of them briefly. I will ask you to kindly 
consider all expressions regarding the research results as 
personal opinions and tentative, since the final data have not 
yet been submitted to the committee at large and I wish to 
avoid being charged with pre-judging. 

(1) Old style factory buildings with inadequate window 
lighting may be put on an equality with modern window 
spacing by using properly arranged artificial lighting, and 
therefore capital in existing plant may be conserved with 
economy. 

(2) In such situations, as well as others where artificial 
lighting must be relied on for considerable periods of operation, 
conditions of general manufacturing indicate benefit from 
illumination of good distribution and of an intensity of from 
5 to 10 foot-candles in the working plane. Dr. Ives’ postoffice 
tests show that not less than 8 foot-candles are desirable for 
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usual letter sorting, which is an independent confirmation in 
an associated field. Some kinds of work require more intense 
illumination to secure best ‘‘workers’ efficiency.” For ex- 
ample, in the Sidebotham textile mill an illumination which 
gives about 12 foot-candles at the heddles of the looms seems 
most satisfactory, according to our research. The British 
Industrial Fatigue Research Board and Illumination Re- 
search Committee jointly have a similar result, where they 
show that workers’ efficiency went up in a test of typesetting 
by hand, in the printer’s trade, until the effective illumination 
exceeded about 20 foot-candles, and that the efficiency then 
rivalled that secured with day lighting. 

(3) Per contra, many situations, even among those in- 
volving processes of rather fine work, do not need so much 
light for the safe and rapid performance of the processes, and 
benefit from the given figures over lower levels of illumination 
then seems to depend on other factors, such as the influence of 
excellence of illumination on morale. 

(4) Factories on an eight-hour regime in modern buildings 
with large window exposure may secure but little direct 
benefit from improved artificial lighting because the use of 
artificial lighting is required such a small part of operating 
hours; but they may receive an indirect benefit from improved 
morale during the months of dark afternoons. When on 
double shift, the efficiency of the overtime work may be 
considerably influenced by the quality and quantity of 
lighting. 

(5) As far as our Committee’s data have been analyzed 
no conclusive difference on ‘‘ workers’ efficiency ” is indicated 
between day-light, artificial light, and a mixture of the two, 
provided the intensity and distribution of the illumination are 
the same for each. The British Committee on Lighting of 
Factories and Workshops, seems to have arrived at a like 
result. After investigating conditions in several industries | 
and finding no definite distinctions, and making some tenta- 
tive experimental comparisons in a special laboratory, they 
stated that ‘no conclusive results indicating any special effects 
of mixed lighting were obtained’ and dropped the investigation. 
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(6) As far as our analysis goes it appears that high intensity 
illurnination of good quality (for example, well guarded against 
glare which dazzles) has no injurious effect on eyes, but that 
defective eyes suffer a greater inconvenience than perfect eyes 
from low levels of illumination. Correct glasses worn by the 
owners of the defective eyes are a cure for this difference, 
provided the defects are optical. These facts accord with the 
usual views of oculists, but have been disputed by many in- 
dustrial employes. 

(7) Measurements of fatigue in some absolute units seem 
yet to be discovered, and it therefore is proving difficult to 
associate illumination and fatigue in functional relation. 
There appears to be a relation, and something more tangible 
possibly may be disclosed by further statistical study. 

(8) The retardation of fatigue also seems to be affected 
by morale, and therefore to be influenced by the stimulating 
effect of cheerful lighting. 

(9) No definite relation between illumination and the 
industrial accident rate has been demonstrated either in this 
country or abroad, as far as previously published data or our 
data show. Common sense points out that accidents in the 
general walks of life occur in dim light which do not occur in 
properly distributed bright light. The fault in applying such 
reasoning to industrial conditions is that here we wish to learn 
whether low, medium, high-medium and high intensities of 
well-distributed illumination are superior, one over the other, 
in producing immunity from accidents. The subject is fraught 
with experimental difficulties, as we cannot deliberately sub- 
mit human subjects to dangerous conditions for statistical 
purposes, and reliance must be had on improved statistical 
reports from the industries plus theoretical consideration. 

Now, a further general word respecting the research. All 
the expenditure of effort and money required for this research 
` would, in my judgment, be recompensed if no other outcome 
had been secured than the demonstration that older type fac- 
tory buildings with inadequate window space may be restored 
by the suitable installations of artificial lighting to a compara- 
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tive level of usefulness approaching modern buildings. Other 
useful results, however, are rather definitely established, some 
of them being indicated above. 

Certain additional investigations which are collateral to 
the main thread would add much to the collective value if 
money were available to carry them on. For example, Dr. 
Dunlap has devised possible plans for learning the degree of 
mental stimulation that is associated with high intensity 
illumination, and the consequences on mental alertness. 
Further information is still needed on fatigue effects and 
accident rate in function to illumination. Value to the 
industries cannot fail to come out of such further studies if 
well devised, and I express the hope that the Division of 
Engineering and Industrial Research of the National Research 
Council may be provided with funds so as to carry these 
three studies through. But, after all, the present big need 
in this field is encouragement and support for psycho-physical 
research in the field until principles are discovered, verified 
and enlightened sufficiently. Then the art of illumination 
may be established on a level of rational scientific applications 
perhaps equalling the level now enjoyed by the of art com- 
munication or the art of transportation. 
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Chemical Warfare against the Boll Weevil. H. W. 
WALKER (Chemical Warfare, 1927, 13, 231—237) describes the 
work of the Chemical Warfare Service, United States Army 
on experiments in exterminating the cotton boll weevil. An 
extensive study was made, using over 1000 poisons and 
poisonous mixtures. Two materials were developed at Edge- 
wood Arsenal and found to be commercially possible boll 
weevil poisons, a special calcium arsenate and a special 
sodium fluosilicate. The special calcium arsenate contains 20 
per cent. arsenic anhydride, and is made by heating calcium 
carbonate (precipitated chalk) and arsenious oxide (white 
arsenic) in the presence of an excess of air at a temperature of 
650° C. The special sodium fluosilicate is a byproduct in the 
manufacture of acid phosphate, and contains approximately 
80 per cent. sodium fluosilicate and 20 per cent. colloidal 
silica. Both insecticides have a toxicity for the cotton boll 
weevil at least equal to that of commercial calcium arsenate, 
and do not burn or damage the cotton plant. Barium 
fluosilicate is an excellent insecticide for this purpose, but 
does not possess sufficiently increased toxicity to replace the 
other less expensive compounds. The special sodium fluo- 
silicate acts on the weevil more rapidly than does the special 
calcium arsenate, but, at the present stage of development of 
the process of manufacture, does not stick to the cotton plant 
so readily. These insecticides have been used as dusts, but 
possibly may be applied as syrups. J.S. H 


Manganese in an Ancient Lake.— (Department of the In- 
terior. Memorandum for the Press.) Manganese is a con- 
stituent of most rocks and is readily dissolved in ground water 
and reprecipitated. In the belt of lakes that lie along the 
south edge of the area covered by glaciers in the northern 
United States during the continental glaciation manganese 
and iron oxides have been found, here and there, in quantities 
that warranted mining. Most of these deposits have not yet 
been covered by sediment, but there was recently discovered 
in southern Idaho a minable bed of manganese oxides that 
had been deposited in a lake of the glacial period and later 
covered by 100 feet of silt. Up to May 1, 1927, it had yielded 
1,200 tons of high-grade manganese ore. Proof of its ancient 
origin was shown by the presence of several teeth of an 
extinct mammoth under the bed. Bulletin 795H of the 
Geological Survey, recently published, will give further details. 
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THE general theory of the electrical spark, as advanced by 
Townsend ! some twenty years ago, has been and is today 
accepted as essentially describing the phenomena. In 1923 
Holst and Oosterhuis? and more recently Taylor’ have 
assailed certain assumptions made by Townsend on the basis 
of measurements made at low pressures in the inert gases with 
different electrode materials. Their criticisms, while cogent, 
are more directed at developing their own theories, so that 
they miss some of what appear to the writer to be the essential 
significance of the phenomena. It is the purpose of this 
article to point out these facts with the hope that more work 
will be done on these features in laboratories equipped for 
such work. 

Townsend’s theory in brief is the following. His study of 
the increase of the negative ionic saturation current at high 
values of the field strength X as a function of d, the distance 
between his plane parallel electrodes, led him to assume that 
the electrons, or negative ions as they were then assumed to 
be, produced œ new ions per cm. path in the gas. His 
measurements of the currents as a function of plate distance 
led him to values of a and he found that one could express 
the values of a in terms of a relation a/p = F(X/p), where X 
is the field strength in volts per cm. and p the pressure 
in mm. of mercury. A kinetic theory of a/p as a F(X/p) 


was developed by Townsend on an erroneous basis * which he 
has since recognized;‘ it was enlarged by Bergen Davis.’ 


Following the discovery of elastic electronic impacts the 
theory was worked out for helium by Compton and by 
Compton and Benade,* who obtained excellent numerical . 


* He assumed that negative ions caused the phenomenon and that they 
suffered inelastic impacts with the molecules. 
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agreement. This theory had a weakness in that it used an 
erroneous equation for the probability of ionization by 
electrons on impact and neglected resonance impacts. With 
our present day knowledge, however, the separate phenomena 
involved are fairly well known, but the deduction of a proper 
theory presents such mathematical difficulties as to make it 
unlikely that a satisfactory general equation applicable to all 
gases can be made. At any rate the equations used make it 
plain that the interpretation of a/p as a F(X/p) given by 
Townsend can be ascribed to electrons striking gas molecules, 
and that at values of X/p for sparking at atmospheric 
pressures (e.g. X/p = 40 for air) the values of a are probably 
great enough to account for the observations. 

As Townsend in his experiments still further increased his 
plate distance d, he found that the equation containing a alone 
did not suffice. Analysis of the phenomena showed him that 
an equation satisfying the experiments within the limits of 
error could be derived by assuming that positive ions produce 
ions at the rate of B pairs of tons per cm. of gas, by impact with 
the gas molecules. ‘This equation has the form 


n_ (a — Bje@-*4 (1) 
No ee eae Bec Ma 


and is his famous equation which leads to the theory of 
sparking. Here n is the number of ions observed for a plate 
distance d and no is the initial number of ions generated 
through external sources by ultraviolet light or radioactive 
ionization. The condition for a spark is then one in which 
the current becomes self-maintaining without the introduction 
of no outside ions. That is, a spark occurs when, for practical 
purposes, no approaches o and yet gives a current in the gas. 
The question raised about the precise mathematical inter- 
pretation of this has been adequately treated by Seeliger.” 

In order that 2/no shall become very large, a — Bece! 
must approach o. The criterion for sparking then is that 


a = bent, (2) 
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which can be modified for the more general case of non- 
uniform fields as desired.2 The physical meaning of the 
equation (2) is that 8 must reach such a value that enough 
electrons are liberated by positive ions from the neighborhood 
of the cathode to make the discharge self-maintaining. If d 
be kept constant, then a certain relation between a and $, 
which is determined by the different rates of change of a/p 
and B/p as functions of X/p, must exist. The study of this 
relation leads one to a study of the value and nature of $. 

Townsend determined $8 from equation (1) and again 
found that experimentally 8/pb could be expressed by the 
relation 8/p = $(X/p). The theoretical treatment of this 
variation is somewhat simpler than is the case for electrons 
and one can without serious error apply the original equation 
of Townsend for a/p as a F(X/p) to that for positive ions 
with appropriate modifications, as will be done later. The 
use of 8 for positive ions at low velocities may be questioned 
by some on the basis of the controversy concerning the ability 
of positive ions with but a few times the ionizing energy to 
ionize on impact with molecules." ? In a recent article the 
writer !? believes he has clarified this question and the ob- 
jection is not serious. 

Townsend and his pupils! measured £ for large values of 
X/p (from 100-1000) * and found that the equation held 
satisfactorily. Townsend used the values for a and £$ ob- 
tained to calculate the minimum sparking distance 6 for low 
pressures with considerable success." He also claimed that 
the mechanism assumed in his use of the constant 8 was 
supported by the independence of the sparking potential of 
electrode material observed in air and other gases at higher 
pressures and in all but inert gases at low pressures.’ 

It is here that Holst and Oosterhuis ? and Taylor * launched 
their criticisms, for they found that in inert gases carefully 
cleaned metal cathode surfaces influenced the minimum sparking 


* Except in He, where values of X/p down to 30 were studied, and in Hs, 
where some of the values worked with were near 50, most of them, however, 
being greater than 100. | 
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potential at low pressures by important amounts. This would 
not hold if B were a function of the gas alone, as Townsend 
assumed. It indicates an action at the surface of the cathode. 
Townsend 4 himself, as well as J. J. Thomson,!® had postu- 
lated the possibility that the electrons needed to maintain 
the discharge might come from the cathode; and Townsend 
had even derived the equation for this. If we assume that 
for every positive ion generated a fraction y of electrons is 
liberated from the cathode either by ultraviolet light from the 
positive tons or impact of positive ions with the cathode, the 
general equation becomes 


n (a — pje”: 


mo ` a FY) = (ay F Bere z 

which becomes for B = o 
no o œ (4) 
no (1+ ¥) — ye’ i 


and if we put 8’ = ya/(1 + y), one has 


, d 

cane te (5) 
No = B € 

the equation given by Townsend. In view of the small 
value of 8 relative to a, Townsend?” says that it gives as 
close an experimental agreement as did his original equation 
(1) involving 8 and no y. He however points out that in 
the discharge from positive points !8 and wires the mechanism 
can only be explained on the basis of 8, a fact which cannot 
be denied.* In this case the fields existing are much higher 
than for sparks between plane parallel electrodes. The 
potential for the discharge from positive points is in reality 
higher than that from negative points by some 25 per cent. 
to 30 per cent., so that it may be suspected that the negative 
point brings both types of action into play (equation (3)), 
* Again, whether the positive ions having the energy actually do the ionizing 

or whether by impact they impart it to neutral atoms, which can ionize more 


readily," is immaterial; the positive ions are the active agents here directly 
or indirectly. 
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while the mechanism with the positive point depends solely 
on equation (1). At low pressures in inert gases where £$ is 
small the impact on the cathode or ultraviolet activity may 
be the predominating action, as the number of gas molecules 
ionized by positive ions would be small. According to 
Townsend the action as pictured under equation (4) is 
definitely borne out at very low pressures by the work of 
Villard. The independence of the sparking potential of 
electrode material at low and high pressures in other gases 
could be ascribed to adsorbed gas or oxide films. In fact, as 
has recently been shown by Jackson,’® the energy required to 
remove electrons from a metal surface by impact with positive 
ions increases markedly with the degree of gas denudation of 
the metal surface and becomes characteristic of the metal 
surface. With less carefully cleaned electrodes, Baerwald * 
and others have found that electrons were liberated by 
impact with positive ions having energies as low as 10-20 
volts and in these cases the nature of the electrode material 
made relatively little difference in the number of electrons 
liberated. That is, while for clean surfaces the cathode 
material may play an important rôle, this need not be the 
case even if electrons are generated by positive ions when 
the electrode material is in an atmosphere such as air at 
atmospheric pressure. Hence thus far there is no contra- 
diction between the two points of view. 

Holst and Oosterhuis? originally pointed out another 
really serious difficulty with the theory. They showed that 
from the experiments of Pidduck # in He a value of 8/p was 
found in which the energy which the positive ion acquired on 
a mean free path from the fields could only be a small fraction 
of the ionizing energy for a gas molecule. It was also only a 
small fraction of the energy of 10-20 volts observed by 
Baerwald as necessary to cause an observable (say I per 
cent.) electron emission on bombardment of the cathode. 
Thus values of 8/p were observed where a 8/p as interpreted 
by Townsend could not exist. A similar discrepancy had 
been noted by the writer for the case of sparking in air at 

VoL. 205, No. 1227—22 
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atmospheric pressure. Thus the sparking potential in air 
gives X/p as about 40. Values of 8/p with such values of 
X /p in air could not be measured by Townsend or his pupils, 
as they were too small. In fact in air values of 8/p were 
not obtained below an X/p of about 200. The 8/p then 
could hardly account for sparking in air at atmospheric 
pressure and yet Townsend’s theory of the breakdown depends 
on just this factor. Theoretically in spite of the fact that 
according to Hurst?! it is not possible to express B/p as a 
@(X/p) by a relation analogous to that derived by Townsend 
for electrons, one may, to better understand the situation, 
use it; for theoretically it is more nearly correct to apply it 
to ionization by positive ions than to electrons. This relation 
says that 
BL I eviton), 
p 760o 

Here Xo is the mean free path of the positive ion in the gas, 
and Vo is the ionizing energy needed by the positive ion to 
ionize a molecule. One can assume the most favorable case 
and set ^o equal to that for a molecule of the gas and Vo as 
10 volts. Actually the experiments of Loeb and Yen * on 
mobilities of ions in high fields (X/p up to 20) indicate that 
Ao is at least 1/4 of the molecular free path, and Franck * 
would set the ionizing energy for molecular ions as at least 
1.5 times that for electrons. The favorable assumptions lead 
to the following values of 8/p as a function of X/p. 


200 100 50 


0.166 2.05 X 107! 3.17 X 107% 


1D S| dx 


It is seen that 8/p could hardly be expected to reach values 
sufficient to account for the spark under values of X/p of 100, 
even granted a considerable persistence of velocity and a 
fairly long mean free path. Such values would require a field 
of 150,000 volts per cm., over a few mean free paths, at least, 
and they probably would require even greater fields than this. 


Mar., 1928.) ELECTRICAL BREAKDOWN OF GASES. 311 


This is indeed a serious discrepancy. It seems strange 
that it has never been clearly recognized before, although it 
seems probable that other workers have been vaguely con- 
scious of it. 

The criticism is probably not valid in the one clear case 
where B must be active (i.e. that of positive point discharge), 
because in these phenomena the fields about the point are 
far higher than for a spark between plane parallel electrodes 
(e.g. in the hundreds of thousands of volts per cm., and 
possibly even higher around the irregular spots on the points). 
Here then the positive ions may reach the ionizing energy in 
the field. The existence of fields even higher than those 
computed for the points in point discharge is borne out by 
the nature of the streamers observed in brush discharges as 
well as from such experiments as Millikan and Eyring’s '® 
work on the “ Pulling Electrons out of Metals,” where the 
currents originated in microscopic, or possibly submicroscopic, 
spots on the wire where the field was very high. 

The criticism of Holst and Oosterhuis is equally applicable 
to the use of the factor 6 for liberation of electrons on bom- 
bardment of the cathode by positive ions, for this effect has 
a threshold value of from 10 to 20 volts energy of the positive 
ions according to Baerwald,” and much higher according to 
later workers. To get around this diffculty Holst and 
Oosterhuis? postulate a new mechanism. They assume that, 
due to the electrical image forces of the approaching positive 
ion, electrons are pulled out of the surface, leave the metal, 
and are not caught by the positive ion. This action would 
depend on the nature of the metal and make B independent of 
the velocity of the positive ions. An effect of this sort might 
also be produced by the process of local heating resulting 
from the neutralization of the positive ion on reaching the 
cathode in which a thermionic electron escaped. While 
such actions are doubtless possible, there has so far been 
no direct observation of them in an order of magnitude to help 
out in this difficulty by any of the many experimental workers. 
We must therefore regard it as unlikely and look elsewhere 
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for an explanation. The suggestion of Taylor? and J. J. 
Thomson *‘ that the factor $ can be due to a photoelectric 
action on the electrodes or on the gas molecules of the light 
given out by atoms excited by electrons, and by neutralization 
of ions produced by the electrons, which would give a way 
out of this difficulty, is also to be questioned. To anyone 
who has studied the photoelectric emission of metals such as 
used for electrodes in air at atmospheric pressure, even using 
such an intensely luminous source as the quartz mercury arc, 
the notion of an appreciable electron emission (equivalent to 
1/1000 the tonization by the electrons), from the dark current 
preceding a spark, must seem highly improbable. 

Townsend! in a recent article quotes an experiment by 
Gill 25 in which Gill measured the currents from different 
cathodes (Zn, Cu and Fe plates in air with X/p from 100 
to 300) whose sensitivity to ultraviolet light varied in the 
ratio of I to 20 for a constant intensity of light. The factor 
by which the currents obtained from these plates as a function 
of X/p was increased, was however the same for both. This 
would not have been the case had a photoelectric effect from 
the gas excited by the electrons played the predominating 
rôle. This is therefore another argument against the photo- 
electric explanation, though it would not be valid if the photo 
effect were by chance proportional to the number of positive 
ions formed, the assumption making an equation containing 
y equivalent to one with £’. 

Still another possibility has been suggested by Schumann *° 
in another connection and personally independently suggested 
to the writer by Prof. R. B. Brode in a seminar course of 
the writer’s on discharge through gases. The suggestion is 
that the presence of ions of higher ionizing potentials, ionized 
by electrons and existing in metastable states present in a 
gas, may produce electrons throughout the gas in a number 
that is not vanishingly small compared to the activated atoms, 
by means of inelastic impacts of the second class, as first found 
by Franck 2? and later corroborated by Harnwell.?® Brode 
showed that such an action leads to an equation similar in 
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form to that of Townsend but with different constants. This 
ingenious suggestion may explain the results of Gill and 
Pidduck in He. It is doubtful whether it is applicable to 
the case of air, though it is possible. 

One is thus faced with the real issue in the case, .to wit, 
that sparks occur by a theoretical mechanism, which, while 
otherwise sound, cannot occur at atmospheric pressure be- 
tween plane parallel electrodes under the conditions assumed 
to exist. Furthermore it appears that in He the finite values 
of 8/p occur at such values of p and X/p, as assumed from 
the potential fall, that a positive ion can practically never 
get the ionizing energy, thus extending the dilemma even to 
low pressures. The solution of this difficulty the writer 
believes lies in another direction, namely, in sertously ques- 
tioning the existence of the conditions usually assumed to exist 
when the spark passes. That is to say, the theory of Town- 
send, possibly modified for cathodic electron emission by 
bombardment by positive ions in certain cases, is in essence 
correct; but the assumptions as to the values of X/p for 
sparking and in the evaluation of 8/p at low fields, as usually 
estimated, are incorrect.* 

With plane parallel electrodes the sparking voltage in air 
at 760 mm. is about 30,000 volts for a gap of I cm. It is 
assumed that the field is uniform and that the field strength can 
be calculated from the relation V,/d (i.e. that Vo/d = 30,000 
volts/cm.). What measurements of the field have been made, 
have obviously been made before the spark occurred; that is, 
while the dark current had a small finite value. However, as 
the critical potential is reached the current is altering rapidly, 
producing the conditions which lead to the spark. The 
existence of this current, while never yet measured, is indicated 
by the experiments of Warburg ® with magnetic fields. As 
to the fields in this period, it seems that we know practically 
nothing. As the electrons ionize more and more, an ever 


* A similar notion is expressed as a possibility by Schumann,?® although not 
emphasized, and the dilemma is passed over by him with a mere mention that 
such a situation is possible. 
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increasing positive ion current flows towards the cathode. In 
such fields little is known about the ion and electron mobili ties 
and one cannot definitely calculate the effects occurring. We 
do know, however, that the speed of the electrons will probably 
be of the order of 104 times that of the positive ions. A 
positive space charge will therefore accumulate at the cathode, 
which, as the conditions for the spark build up, should 
increase. At the instant of breakdown, therefore, the field 
at the cathode may, for aught we know, be as much as 
300,000 volts per cm., a field which could give energies to 
the positive ions which enable them to ionize. 

The current density necessary to produce such a field at 
the cathode due to a positive space charge, assuming the 
electrons swept out as fast as they are generated, can easily 
be estimated. From the relations 


ay _ a i= pt” 
dx? = A47pe an 4 = pe ax” 


(where p is the ion density, e the charge on an ion, k the 
mobility of the ion, z the current per cm.? and dV/dx the 
potential gradient), one can derive the expression, if we 
neglect the potential drop at the anode, which states 


dV\? 12m 
(a) “yi 


where Vo is the potential available. For a drop of 30,000 
volts across a centimeter gap, Vo is 30,000, k is 2 cm./sec. 
per volt/cm., and we can calculate the current density ż¿ to 
give a field of 300,000 volts per cm. at the cathode as 0.053 
amperes per cm.?. This current density seems rather high. 
When it is realized that the area of cross section of the spark 
(i.e. of the ionized path) is far less than 1 cm.? (1.e. the ionized 
path is confined to minute space), the total current need 
not be so very great to cause the effect. At lower pressures 
the fields do not need to be so high since at the lower pressures 
the positive ion can gain the ionizing energy easily over long 
free paths. This is observed, for the sparking voltage de- 
creases with gas density. 
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The question naturally arises, can such currents originate 
from the ionization by electrons alone before 8 reaches a 
significant value, and if they can, will these be produced 
under conditions such that 8 has not become small enough 
(due to the value of a) to be caused by the few long free 
paths occurring before the space charge is formed. These 
questions are naturally raised by Townsend’s criterion for 
sparking, which says, in order that n/n, become infinite, 
a = Be?4 If we place d = 1, and neglect 8 in the ex- 
ponent relative to a, the condition for a spark is that 


a = Ber. 


It is seen that for a given value of «æ a definite value of £ is 
needed. Now if one assume the real conditions (A ion = $A 
molecules, and Vo = 15 volts) governing the gaining of 
energy from the field by positive ions in a single free path, 
one has from the equation for 8/p, cited above, that 
B/pb = 660e—2, or B = 5 X 10° 2, To allow this value of 
8 to exist when a spark passes, a is found to be given by 


a = 5 X 10%? (e), 


whence a = 247, and a/p = 0.325 at 760 mm. This value 
was observed by Townsend for air at X/p = 75. 

On the other hand, to give a field due to space charge of 
300,000 volts/cm. (X/p = 400) with 30,000 volts across I cm., 
a current of 5.3 X 10? amps./cm.? is needed. One may 
calculate the value of a/p needed to produce this alone. 
The current z between electrodes I cm. apart with an initial 
ionization current tọ due to ultraviolet light or other ionization 
of 10716 amps. /cm.? will be given by Townsend’s simple equa- 
tion, 7 = z4e%%, or as d = 1,4 = iœ". To givet = 5.3 X 10? 
amperes, we find 5.3 X 10°? = 10°!%e*. This gives a = 34.6, 
and a/p at 760 mm. as a/p = .0455. This corresponds to 
an X/p from Townsend's extrapolated experimental curve for 
a/p as a F(X/p) for air of between 40 and 50 (i.e. near the 
critical sparking value for air). 

It is thus clear that at values of X/p near the value for 
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sparking as actually observed, a/p has already a value that 
will actually cause a space charge current giving very high 
fields. Were the fields required lower than 300,000 volts/cm., 
the value of a/p would be slightly lower still. These values 
of a/p are about one tenth those required to produce an 
adequate 8/p for ionization by positive ions to occur at 
XIb = 40. 

One must then conclude that the mechanism of the spark 
is as follows. At a value of a uniform field X which is that 
for sparking, a/p attains a value such that a current density 
is created sufficient to give a space charge which increases 
the field near the cathode to from two to ten times the uniform 
potential gradient originally existing. This gradient rapidly 
gives values of a/p in the neighborhood of the cathode such 
that the values of 8/p required to cause a spark fall within 
a region where the positive ions can actually acquire the 
energy from the field to produce ionization often enough to 
create the condition for a spark, and the spark passes. Thus 
all the conclusions arrived at above are reasonable and one 
must look for a distorted field just before the spark jumps. 

The conditions studied indicate that the critical value of 
a/b (and hence X/p) will depend on to, the initial current. 
The effect of io on «œ is however slight, and the change of 
the intensity of the initial current 7) will produce only a 
minimal change in the X/p for sparking. Such an influence 
has been observed in the experiments with ionization and 
spark lag, where the sparking potential is lowered by some 
few per cent. (one or two) by the introduction of ionization 
in the space. It is also possible that a small local increase 
in no at some region of the space between the plane parallel 
electrodes will localize the building up of the high field along 
a given line. The spark will therefore be localized in space, 
as is the actual case. 

A proof for the existence of such a condition is given by 
the observations of Holst and, Oosterhuis ? in Neon at low 
pressures. At currents of 107° amperes they observed a vtstble 
glow over the anode with a dark space at the cathode. This 
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definitely points to a non-uniform field, and the values of X/p 
calculated in this case from the assumption of a uniform 
field would have been seriously in error. It is also probable 
that just such conditions occurred in Gill’s work in He and 
in other gases. He found a variation of 8/p with an assumed 
X /p which may not have been the true X/p. If the true X/p 
had varied proportionally with the assumed X/p, a condition 
which could have occurred within the narrow limits of 
observation, a regular variation of 8/p with the X/p assumed 
would have been observed, but not the true relation. 

In a recent paper by Compton *! and Morse, it has been 
shown that in the arc an automatic adjustment of fields 
occurs, giving the optimum conditions. It may be that some 
such adjustment also occurs in the building up of the field, 
and that these conditions give the agreement found by Gill 
and Pidduck. 

These variations of 8/p with X/p might possibly also be 
explained more readily by the mechanism suggested by 
Brode. 

The writer feels that a careful investigation of the currents 
and fields preceding sparks should be made by oscillographic 
methods for estimating the current within 10~5 seconds before 
breakdown. At present he sees no way of doing this simply, 
and there seems to be no way of measuring the field strength 
at breakdown near the cathode. It is possible that labora- 
tories equipped for oscillographic work might undertake such 
an investigation, and should do so. 

The existence of high fields preceding breakdown demands 
investigation of a condition hitherto neglected except in a 
recent paper by Rogowski. This is the existence of a true 
spark lag. This is the time interval taken to build up the 
field at the cathode. It will be an interval of not too great 
a value, say of the order of 1074 seconds, which is the time 
taken for positive ions to move a few centimeters in the field. 
Up to now no definite spark lag interval ** has been experi- 
mentally established as acceptable. Zuber *4 did not observe 
a regular period of this order. Pedersen, using rather 
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indirect methods and over-voltages, observed one of the order 
of 107? seconds. The work on the effect of frequency ?® 37 
on sparking definitely indicates the effect of the time on the 
potential due to the failure of thẹ field to remove positive 
ions and electrons between cycles, because of the inertias of 
the ions and electrons. They however furnish little assistance 
in the present question. It seems therefore quite urgent that 
some attempt be made by a new method to detect the true 
time lag of sparking which must be involved in building up 
the non-uniform fields which are demanded by the theory. 

In conclusion, then, one may say that in general the theory 
of the spark proposed by Townsend is correct with the possible 
addition of a factor accounting for electron emission from the 
cathode by positive ion bombardment, which is a dominating 
one under certain conditions. Jn addition, however, one must 
recognize the probable inaccuracy made in assuming that the 
breakdown field strength can be calculated as for a uniform field, 
since it is probably not a uniform field at all, even in the case 
of infinite plane parallel electrodes at the time of breakdown. 


SUMMARY. 

After a brief summary and discussion of Townsend’s 
theory of the electrical breakdown of gases in the light of 
certain recent criticisms, it is shown that these are compatible 
with his theory except for one serious discrepancy. This 
discrepancy lies in the fact that at the assumed fields at which 
breakdown occurs in air, at atmospheric pressure, and in inert 
gases at low pressures, the 6/p of Townsend’s theory cannot 
have the significance given it by Townsend, as the positive 
ions are incapable at these fields of acquiring the ionizing 
energy. Various solutions proposed are discussed and found 
inadequate. It seems necessary, in order to keep this other- 
wise successful theory, to doubt the validity of the assumption 
generally made for plane parallel electrodes, that the potential 
drop between the plates is uniform before the spark passes. 
If fields about ten times as great as those calculated from 
the uniform drop existed, the theory could be applied. It is 
shown that such fields are possible under the conditions of 
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the spark potential experiments, due to space charges resulting 
from the difference of ionic and electronic velocities. The 
existence of such fields requires a finite spark lag interval of 
about 107? seconds, as yet not definitely observed. Experi- 
ments should be undertaken in laboratories equipped for the 
purpose to look for both the spark lag and the non-uniform 
field. 
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Illicit Liquor. H. V. ATKINSON of the State University of 
Iowa (Journ. Am. Pharm. Asso., 1928, 17, 28-35) divides 
illicit liquor into three classes:—(1) Properly made whisky 
and brandy which are either smuggled or obtained from 
domestic storage, (2) synthetic liquors, and (3) moonshine 
or home-brew liquors. The first class produces harmful 
effects only as the result of an overdose; the margin between 
the concentration of alcohol in the blood producing intoxi- 
cation and that producing collapse is not great. In the 
second class, the alcohol content may be derived from de- 
natured alcohol; and all or a portion of the denaturant may 
still be present and exert its toxic action. Methyl alcohol is 
the denaturant which has been reported most frequently as 
the cause of this type of poisoning. Continued use of poorly 
made liquors of the third class injures the kidneys, even in the 
absence of acute symptoms. The compound which produces 
this injury has not been determined, but allyl alcohol is 
suspected. If poorly made liquors contain excessive amounts 
of the “heads” and “tails” of the distillate, they may 
possibly be poisonous as the result of the presence of excessive 
amounts of acetaldehyde and fusil oil. A few cases of lead 
poisoning have been recorded, due to the presence in the 
liquor of lead derived from the solder in the joints . the still. 

. S. H. 


Separation of Arsenic from Antimony. LeRoy W. McCay 
of Princeton University (Journ. Am. Chem. Soc., 1928, 50, 
368-373) has devised the following procedure for the quanti- 
tative separation of arsenic from antimony. A solution of 
arsenic acid and antimonic acid in moderately dilute hydro- 
fluoric acid is rendered slightly, but distinctly, alkaline by 
addition of ammonia; then an excess of silver nitrate is 
added; the arsenic is precipitated completely as silver 
arsenate, free from antimony. The precipitate is collected 


on a filter; and the antimony is present in the filtrate. 
Je Sa H; 


Atomic Weight of Titanium. GREGORY PAUL BAXTER and 
ALBERT QUIGG BUTLER of Harvard University (Journ. Am. 
Chem. Soc., 1928, 50, 408-415) report that analyses of titanium 
tetrachloride and titanium tetrabromide agree in yielding the 
value 47.90 for the atomic weight of titanium. . H. 


THE NEW QUANTUM DYNAMICS.* 


BY 


W. F. G. SWANN, D.Sc. 


Director, Bartol Research Foundation of The Franklin Institute, ! 
Member of the Institute. 


SPEAKING of physical theories, a mathematician of emi- 
nence has said, ‘‘God made the integers and man made all 
else.” Now I am not sure that man did not make the 
integers too; but without invoking this additional point of 
dispute we doubtless have in the statement of the eminent 
mathematician referred to a point of view sufficiently strong 
to divide thinkers into two classes whose attitudes towards 
nature differ almost to the point of acrimony. 

A few hundred years ago, the only thing which satisfied 
the average mind in the matter of an explanation of phe- 
nomena was an appeal to the supposed actions of some being 
or group of beings. The sun went around the earth because 
it was carried by angels. At this stage the mind was content. 
If we had raised the question of why the angels wanted to 
carry the sun around the earth, the probable answer would 
have been to the effect that it was not for us to inquire into 
that, the modern paraphrase of which statement is ‘‘ Well, 
we must assume something, we must take something for 
granted, we must start somewhere.” Now it is in the differ- 
ence in our conceptions of this ‘‘somewhere”’ from which we 
are willing to start that is to be found the root of most of 
those troubles in which one thinker will contend that the 
theory of some other is meaningless to him. Each individual 
or class of individuals has certain criteria (usually unconscious 
ones) which determine for him whether or not he will be 
satisfied with a certain type of theory. If the theory starts 

* Address before section B, American Association for the Advancement of 
Science, Philadelphia, December 28, 1926. 
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out from his own ‘“‘somewhere,” all is well. Possibly he is 


content if it proceeds to discuss nature in terms of masses 
interacting with each other through an elastic medium. If 
the elastic properties which it is necessary to attribute to 
the medium are very like those of water, he will be more than 
content. He will be happy. You may convince him that, 
in the sense in which he uses the word “understand,” he does 
not understand the reason why water acts as it does. You 
may rob him of his philosophy, but you cannot rob him of 
his happiness. He will shrug his shoulders and say, “ You are 
talking metaphysics. We must start somewhere.” You may 
even get him to admit that he has no reason to be happy, but 
he will be happy all the same. Once he is happy, he stays 
that way, regardless of any attempt on your part to show 
him that he ought to be morose. 

If now you make some different starting point, a starting 
point which says that the orbits of the planets are a set of 
curves which make a certain integral a minimum, or some- 
thing equally abstruse, our friend will assert that your state- 
ment has no physical significance. He will say it doesn’t 
mean anything. “‘What,” says he, “‘is the reason for starting 
there?” You may ask him what the significance was of 
starting where he started, and remind him of his confession 
that he could not justify it. As a last resort he will then 
probably make that ultimate personal appeal to his own 
anatomy in assuring you that he feels in his bones that such 
and such is the case, and beyond his bones he will not go. 

Now he who would understand the point of view of the 
new mechanics of the quantum theory need not get to the 
point of feeling in his bones that it is true, but he must get 
to feel in those bones that there was nothing to the feeling 
which he may formerly have had in his bones as to the 
fundamentality of the older views. Those older points of 
view were built up by analogy with the behavior of the 
large scale phenomena of life which presented themselves to 
us in our youth and became ingrained in our consciousness 
as natural before we had reached the age at which we might 
question their necessity. 
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We have become accustomed to talk of natural phenomena 
in terms of what we call space and time. We see a planet in 
the sky, and we attach to it four numbers x, Yı, 2:1, ¢:, which, 
we say, represent its position at a certain time. We observe 
the sun, and we assign to it four numbers x2, ys, 22, t2. 
Possibly we observe also a comet, and we assign another set 
of numbers x3, Ys, Zs, t}. It is usually convenient to assign 
the same ¢ number to all of the bodies. We then write down 
equations between these various numbers x, y, z, expressing 
how they are to be related to each other and to #. In other 
words, we make one assignment of the numbers and our 
equations serve to specify another assignment, and another, 
and soon. These equations usually take the form of differ- 
ential equations. Newton’s law of gravitation is an example. 
The equations will give us all the values of x, y, z associated 
with any value of ¢ we like to assign provided that we give 
a sufficient amount of additional information. If the equa- 
tions are of the first order, we have to assign the values of 
x, y, 2 associated with one value of ł If they are of the 
second order, we have to assign, in addition, numbers for 
the first time derivatives for that value of ¢. The equa- 
tions when solved may then predict that, for a certain value 
of t, x1 = X3, Yı = Yz, 21 = 23. We say that the comet collides 
with the planet. I wish to suppress the idea of x, y, z having 
anything to do with distances. They are numbers, and the 
object of our astranomer is to build up a set of equations and 
to assign a suitable set of numbers for one value of ¢ so that 
there shall be as many flashes of light in the sky (collisions) 
as there are subsequently found pairs of xyz’s which come 
equal for equal values of ¢ But you will say that the 
astronomer actually measures x, y, z. True, but he need not 
do so. He might just sit in his chair and assign sets of 
numbers to the various things he sees, set up equations and 
predict collisions. If what he predicts does not happen, he 
must try other equations, or assign different sets of numbers 
as associated with one value of ¢. One might think he would 
have a merry time for the rest of eternity trying to get the 

VoL. 205, No. 1227—23 


326 W. F. G. Swann. (J. F. I. 


thing right in this way. But matters would not be so bad 
if he had more or less of a periodic structure to deal with, 
such as we have in the atom. In fact, even in the Bohr- 
Sommerfeld theory of the atom, the problem is exactly that 
of our astronomer with folded arms. It is possible to broaden 
our astronomer’s interests beyond the mere observation of 
celestial catastrophes. He might attempt to build up his 
theory in such a way that if any of his values of x, y, z became 
infinite for all assigned t's greater than a certain number, 
he would eventually lose sight of the planet and never see 
it again. An analogous phenomenon in the case of the atom 
is the ejection of a beta particle from the atom. But you 
will say our astronomer does vitally interest himself in the 
time at which the collision occurs. That is true. He has a 
great respect for the grandfather clock in his office. The 
position of its hands determines his going to lunch, the grayness 
of his hair as old age creeps on, and so forth, so he assigns to 
the planet for the ¢ numbers the numbers on the clock, and 
tries to include in his theory a little more than is involved in 
the mere prediction of celestial catastrophes by trying to 
arrange matters so that if two values of x, y, z become equal 
for a certain #, it shall result that on seeing the flash in the 
sky and immediately looking at the clock he shall see there, 
not the number ¢, but another number which he can calculate 
on the basis of an idea at the back of his head concerned with 
something about the times taken for light to get from the 
collision to his eye and from the clock to his eye. In an 
analogous way we may say that he interests himself in the 
orbit of a planet quite apart from any celestial catastrophe. 
To the astronomer the orbit is a relation between the x, y, z 
numbers for one of the planets. A transformation of all the 
coordinates would not affect the story of the celestial catas- 
trophes but it would affect the equations of the orbits and 
he is interested in the equations. The equation of the orbit 
has meaning to our astronomer only in the sense of a definite 
scheme of assignment of the numbers. On his photographic 
plate the astronomer sees a curve, and he describes it in 


Mar., 1928.] Tue NEw Quantum DYNAMICS. 327 


terms of equations between numbers representing measure- 
ments made from the edges of the plate with meter scales 
(cartesian measures), or in terms of some other method 
specified with sufficient definiteness to have meaning to him. 
Then, in terms of these numbers he calculates the numbers 
to be assigned to the planet in the sky. His process for 
doing this involves many things concerned with his theory 
of how the image got on to the plate, his theory of light, of 
his optical instruments, etc. In these we are not interested. 
All that we desire to know is that for the totality of all the 
numbers on all his photographic plates, and we may as well 
add the corresponding readings of his clock,” he has a definite 
way of assigning numbers to the planets in the sky. It is in 
terms of these numbers that he endeavors to establish equa- 
tions, and calculate orbits, from which, by an inverse trans- 
formation of the numbers, he may deduce the numbers 
appropriate to the photographic plates and in terms of these 
reconstruct the curves which he observes on the plates. - If 
our astronomer, using measuring rods, should plot perpen- 
dicular distances proportional to x, y, z in his laboratory, he 
will obtain a sort of model of the orbit. It is by no means a 
foregone conclusion that if he looks at this model it will 
produce via his retina the same mental impression as did the 
planet itself. That it does so, at any rate approximately, is 
something bound up with the way the light behaves in 
coming from the model to the eye. 

Now in the last analysis, even the orbit as pictured on a 
photographic plate attached to a telescope is really to be 
described as corresponding to the successive coincidences of 
the image of the planet with certain identifiable points of 
the plate. In its purest sense, the procedure is to find a way 
of attaching to the planets numbers with relations between 
them, find a way of fixing in terms of them the numbers to 
be assigned to the image of one of the planets and find a way 
of assigning numbers to the points on the photographic plate 
in such a manner that if the four numbers for the planet’s 


2 To incorporate the time numbers we must imagine the astronomer to 
actually observe the formation of the images on his plates. 
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image become equal to the four numbers for the photographic 
plate the point in question will be found blackened. In 
practice, the procedure is a little less cold blooded, and 
things are imported into the description of the phenomena 
which are not strictly involved in the phenomena themselves, 
even as a writer will put into his penmanship flourishes which 
play no part in the ideas expressed. 

I have dilated upon this matter in order to enforce the 
idea that what is fundamental in the process of describing 
observations in the way we are discussing is the assignment 
to the various objects of numbers with relations between 
them expressed in the form of so-called laws. The fact that 
we sometimes assign these numbers as a result of certain 
measurements and calculations with scales, telescopes, and 
clocks is in many cases quite incidental. Sometimes we meet 
the statement that lengths of the order of the diameter of an 
electron are meaningless since no rod can be shorter than an 
electron. This is true, but there is definite meaning to the 
assignment of numbers to entities which figure in our theories, 
however small the differences of pairs of numbers may be. 

You will observe that I have talked of the assignment of 
four numbers x, y, z, and¢. Why four? . Well, simply because 
we find that with four numbers assigned to each entity we 
can express relations which will correctly predict an astro- 
nomical catastrophe as one symbolized by two sets of four 
numbers becoming equal. Herein is to be found an illus- 
tration of the ultimate meaning of space being three-dimen- 
sional, or four-dimensional if we include ¢. It might have 
been necessary to have had five numbers for each planet in 
order that the laws we wrote down could be made to predict 
correctly the catastrophes as corresponding to the equality of 
all five numbers. If we tried to get on with only x, y, and ¢, 
we should occasionally have x and y equal and observe no 
catastrophe. The comet would be merely “behind the 
planet” as pictured in our three-dimensional space sense, 
and one who had never seen the planets except projected on 
a screen might well wonder why, when there was an eclipse 
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of one by the other, there was sometimes a catastrophe and 
sometimes not. Asa matter of fact our actual instantaneous 
visual picture of the universe is to all intents and purposes a 
two-dimensional one in view of the smallness of our stere- 
oscopic vision in relation to the distances of the planets. 

It is perhaps well that we do not form too firmly the idea 
that the only way of predicting the observed phenomena is 
by the assignment of numbers to the planets, for example. 
It is not inconceivable that we might fit up our laws in terms 
of appropriate names assigned to the entities which we 
discussed, and discuss collisions in terms of suitably assigned 
relationships between these names. Numbers are things rich 
in law, however, and their assignment to the entities provides 
us with a means of expressing relationships of a very far- 
reaching kind. 

Going out of the realms of astronomy into atomic physics, 
we again find a procedure in thought somewhat similar to 
that above sketched. Here the entities to which we assign 
the numbers are not visible. They are protons, electrons, 
quanta, and so forth. We now have to postulate our entities 
as well as assign numbers to them. We postulate them in 
the filament of the X-ray tube. They are the electrons. 
We find that our results depend upon the nature of the 
target of the tube, so we postulate entities in the target. 
The effects on the photographic plate depend upon the 
presence and nature of the crystal in the X-ray spectrometer, 
so we postulate entities there. Finally we postulate entities 
in the photographic plate. We assign numbers to each of 
these entities. Custom urges us to assign four to each. Our 
electromagnetic equations, our quantum theories, and so 
forth, are the means of expressing relationships between the 
numbers assigned to the entities. We are happy when we 
can get along by assigning four numbers to each entity. We 
say that all is explained in terms of the motion of the entities 
(protons, electrons, etc.) in space. We are further happy if 
there is such symmetry in the relationships as to correspond 
to there being only a limited number of different kinds of 
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entities—nothing but protons and electrons, and possibly 
quanta. If we have to assign more than four numbers to 
any of the entities in order to tell our complete story, we 
regard the entity as complex. It is not yet fully understood, 
and we shall hope some time to be able to replace it by a 
number of other entities each with only four numbers assigned. 
The appearance of a line (or let us say a point on a line) on 
the photographic plate is now to be predicted by our theory 
as the result of two sets of four numbers for certain of our 
entities becoming equal. One set refers to a silver grain on 
the plate and another set to a quantum—the quantum which 
hit the silver grain in question. Not always do we seek in a 
collision the symbol of an event. It may be a mere specified 
change in the numbers associated with an entity (an electron 
in the silver grain) which serves as our point of correlation 
with experience. We calculate that as a result of the electrons 
from the filament, of the target, and of the calcite crystal, 
a certain entity in the photographic plate has its numbers 
changed outside of certain limits which in the absence of 
these agents it would have occupied—in other words we say 
that a photoelectric effect has been produced in a certain 
silver grain, and at this point we make our correlation with 
the photographic action. 

The procedure we have sketched for discussing phenomena 
is of course not the only one possible. Thus in formal 
contrast to it we have the procedure in which, instead of 
talking in terms of entities with numbers attached, we divide 
space into volume elements and assign to these elements 
quantities, such as charge density and current density, which 
are allowed to vary with a certain parameter ¢ associated 
with the volume element, the variation being controlled in 
general by certain specified laws. The numbers and their 
variations are utilized for the purpose of defining quantities 
(electric fields, for example) for the whole space, and these 
fields in turn control in some specified way the variations 
with ¢ of the magnitudes in the volume elements in their 
respective vicinities. Thus, for example, the field due to 
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the motion of, say, an electron considered as a volume 
distribution of charge will, through suitable laws, control 
the motion of another electron considered again as a volume 
distribution of charge. The point of contact of all such 
theories with observable natural phenomena is nearly always 
sought, however, through the realization of a condition in 
which the numbers assigned to the volume elements have 
appreciable values only in a limited region at any one value 
of t, as in the case of the electron considered formally as a 
volume distribution extending throughout all space but in 
practice highly concentrated near a single point. In such 
cases the entity functions practically as a point entity or at 
any rate it functions as an isolated entity in the matter of 
setting up a correlation with the observable phenomena, as 
for example when its ejection from a molecule of the photo- 
graphic plate is the signal of photographic action. 

The foregoing procedure may appear cold and heartless 
as I have described it. But, if we concentrate attention on 
what we actually do as distinct from pictures in our minds, 
we have to admit that the procedure is as cold blooded as 
I have sketched. Of course there is no harm in the pictures 
so long as they do not introduce unnecessary difficulties of 
their own—difficulties not pertinent to the discussion. We 
shall do no harm in representing the electron by a red chalk 
dot on the board so long as we do not afterwards trouble 
ourselves about the consistency of supposing an electron to 
be red since if it were so it should become much more agitated 
in red light than in blue. 


THE BOHR-SOMMERFELD THEORY. 


During the last fifteen years, our powers to think intelli- 
gently about the atom have been aided by one of the most 
epoch-making advances ever made in physics, by the Bohr- 
Sommerfeld theory of atomic structure. Let us recall for a 
moment a few of the salient features of this theory. 

We think of a definite mechanical structure with a nucleus 
and electrons revolving around it. The motions of the 
system are supposed to be controlled by the ordinary laws 
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of mechanics which, for the purposes in hand, are most con- 
veniently employed in the form of the Hamiltonian equations 


ðH ; ðH 
p, = ~ ðq,’ 1r aD,’ (1) 
H = H(q, G2, °°"; Pi, D2, see), 


where H is a function of the codrdinates q, and of the momenta 
p, and is, in the case of a conservative system, simply the 
energy of the system. The Hamiltonian equations guard, of 
course, the constancy of the energy for any one path, in 
cases where H does not explicitly involve the time. 

It is postulated that not all of the orbits which these 
equations would permit can exist, but only those for which, 
in a suitably chosen system of codrdinates, the values of 
$ p-dq, taken around cycles for the various degrees of freedom 
have values equal to integer multiples of h, $£ pıdqı = mh; 
SF podq. = neh, ---. If we fix the integer values which we 
assign to the integrals pdg, we fix the orbits and so the value 
of H. The value of H so determined will be a function of 
Ni, Nz, Nz, etc., and of course of kh and of the fundamental 
constants of the structure, such as electronic and nuclear 
charge, to be found in the Hamiltonian function. The form 
of the energy as a function of the n’s will be controlled by the 
form of the original Hamiltonian function H. We then 
postulate that the frequencies which may be emitted by the 
atom are given by 


hy = H(m, M2, °° +) = H(m, Ne, °° -), (2) 


where H(m,, me, m;, etc.) is the value of H for one set of the 
assigned integers nı, m2, etc., and H(m, nz, etc.) is the value 
for another set of the assigned integers. It is supposed that 
the energy emitted in the frequency corresponding to a 
transition from state H, to H: is equal to H, — H2, but nothing 
is said as to the relative numbers of times which the various 
frequencies are emitted in any interval. In other words, 
nothing is said as to the intensities. 

The mind has a very definite picture of everything that is 
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occurring other than the picture of the emission of the 
radiation itself. It sees the various electrons describing their 
orbits and, in the change from one value of H to another, it 
sees an electron jump from one orbit to another, or it may see 
several electrons jump from one possible set of orbits to 
another possible set, there to remain in stable equilibrium 
until another such jump occurs. 

In spite of the vividness of the picture, it is possible to 
express the complete content of the theory in so far as its 
application to spectra is concerned without any picture, and 
without even utilizing the Hamiltonian equations, or even 
acknowledging the existence of any physical quantities to 
correspond to the momenta. Those familiar with the tech- 
nique of the mathematical procedure will recall that the 
determination of the energy levels does not necessitate the 
calculation of the orbits. The argument in fact runs some- 
thing like this: Suppose that 


H = H(qı, d2; °°°; Pr, pa, e.) (2a) 
is the appropriate Hamiltonian function for some atom. Let 
us write down the equation 


OF OF 
H( quan 03 E, go +) = an (3) 


where ðF/ðq, occupies the position formerly occupied by ?,, 
and where a, is a constant. It is known that the p, which 
are solutions of the Hamiltonian equations are given by 


OF 
pr = dq,’ (4) 


where F is a solution of (3). F is a function of the q, and of 
N — í other arbitrary constants a2, a3, ---, ay, if there 
are N degrees of freedom. There is an additional arbitrary 
Constant which is simply additive to F and which can be 
ignored for all purposes in hand. 

Only in the case where F comes out of the form 


F = Fi(q,, Gi, Q2, °° °; an) + F.(qo, G1, Q2, °°°; ay) 
T Filii ly °% "yy ay) a eee (5) 
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where F, involves only q, and a, a2, +++, æn, do the Sommer- 
feld quantization rules have meaning, and in those cases 


F, 
n,h = S pdq, m $ 5,4, (6) 


so that n,h = change of F, in going around a cycle in the 
sense ordinarily understood in the quantum theory 


n,h = olai az °, ay); (7) 


where ¢ is a known function determined ultimately by the 
form of H. There are N equations like (7), and these serve 
to determine the N a's, as functions of the assigned quantum 
numbers nı, m2, mv, and among them becomes determined 
the energy a, as a function of the integer numbers nı, ns, etc. 

Now if starting with the mathematical form specified in 
H we content ourselves with simply describing the mathe- 
matical procedure by which we arrive at the values of H to 
be admitted, and if we are willing to omit all concepts which 
are extraneous to the description of this procedure, we may 
describe the procedure as follows: 

(1) Write down a certain Hamiltonian form 


OF oF 
H ( qu as T aq’ ðq’ a), 


which, while it is suggested by the form with the p’s in it, may 
be regarded as our starting point. 

(2) Put a; equal to this expression. 

(3) Seek a solution for F of the form (5) where az, a3, ---, 
etc., constitute N — 1 constants of integration. 

(4) If the solution has been successfully found, write 


nih = AF \(q1, Qi, Ha, °°’, ay) = pila, Qo, °° %y an), 
Noh = AF:(q2, Ql, M2, °° *; an) = 2(a1, Qe, °° %y an), 
n,h = AF,(q3, Qi, Qa, ay "9 an) = 3l, Q2, Soas E) an), 
nyh = AF y(qy, G1, Ge, °° °’; an) = en(a, Qo, °° e, ay), 


where the AF’s are the changes of F on going through a cycle 
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of values of the q’s in the sense understood in the quantum 
theory. 
(5) Solve these equations for the a’s and, in particular, 
we shall find 
a, = y(nı, Ne, °°, ny), (8) 


which gives the possible values of a constant associated with 
the atom as the values obtained by assigning successively all 
integer values from 1 to N for the various n, in (8). 

As a matter of fact, with the process stated in this way, 
there is no real reason for speaking of the values of a; as 
energies since we have made no mention of dynamics. We 
may content ourselves by saying that a certain procedure has 
been set up for fixing the possible values of a certain constant 
associated with the atom, the importance of a knowledge of 
these values being inherent in the postulate that the difference 
between any two of them when divided by k gives a possible 
frequency emitted by the atom. In this abstract method of 
presentation there is nothing to necessitate the idea of 
quantum jumps. We are not driven to believe that one 
value of a, exists at one time and another value at another. 
We have simply set up a method of calculating certain 
constants which we are to associate with the atom. I lay 
stress on this point because, as we shall see in the case of 
SchrG6dinger’s theory, the determination of these constants to 
be associated with the atom is made without the necessity of 
introducing any idea as to dynamical motions and the like, 
and it will help us in the understanding of the process there 
utilized if we can see how an analogous abstract procedure 
could have been adopted in such a manner as to give the 
exact equivalent of the Bohr-Sommerfeld theory. 

Of course, even though in a lordly way we disown the 
momenta and the Hamiltonian equations in our abstract 
procedure for assigning the values of H, it is nevertheless true 
that 1f we should define a set of quantities p, by 


_ oF 
=5, 


Pr 
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these quantities p, in collaboration with the quantities q, 
would satisfy equations (1) where H has the form 2a. This 
does not of course mean that there are of necessity electrons, 
or the like, with codrdinates q and momenta p, but it does 
cast a shade upon the aristocratic dignity of the procedure 
that, even in the sense of mathematical existence, there 
should be found these p, with their materialistic rules of be- 
havior, the Hamiltonian equations,'capable’of singing the same 
song as the more abstract Hamilton Jacobi equation. 

The Correspondence Principle; Line Intensities, etc.—As I 
have remarked, the Bohr-Sommerfeld theory in the form 
I have sketched it and without further hypothesis tells us 
nothing about the intensities of the frequencies emitted. If 
it had been a fact that the frequencies with which the theory 
concerned itself were those obtained by acknowledging the 
orbital motion picture of the atom and analyzing that motion 
into the appropriate Fourier components, the dynamical 
theory would have had power to tell the story of the relative 
amplitudes, polarizations, for the different frequencies. 

Now it is a mathematical fact that the quantum theory 
frequencies, which are emitted as a result of relatively small 
changes in high quantum numbers, do have a close relation 
to the classical frequencies, fundamentals, and harmonics 
which correspond to the orbital motions. Thus, for example, 
in the case of a simple periodic motion, the frequency of the 
fundamental of the orbital motion is equal to the frequency 
of a single quantum jump in the vicinity of the corresponding 
energy level, and the frequency of the sth harmonic is equal 
to the frequency of an s quantum jump in that vicinity. 
This does not mean of course that the quantum process of 
emission merges into the classical for large quantum numbers. 
The processes of emission may here be as different as they 
are for small quantum numbers. Nevertheless, the mathe- 
matical fact that the frequencies correspond at the high 
quantum numbers led Bohr to postulate that a like relation 
held between the intensities, a postulate which was very 
successful in correctly predicting zero values for the intensities 
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of certain lines which, without this postulate, might have 
been expected to appear. Bohr extended this idea of corre- 
spondence in a more reserved manner to the amplitudes and 
polarizations of the light emitted in transitions of small 
quantum number, relating the intensities, for example, in the 
case of a jump of p quantum units of a singly periodic system, 
to the intensities of pth harmonics in the Fourier expansion 
of the motion in both the initial and the final orbit. The 
law of correspondence becomes here to some extent empirical. 
It speaks with greatest definiteness when one of the Fourier 
harmonics concerned has zero intensity, in which case it 
predicts zero intensity for the line as actually emitted. 

One’s philosophical intuition dislikes a process of pre- 
dicting what would happen in a certain case by setting up a 
correlation with what we should get in another case if some- 
thing happened which does not happen. However, the newer 
theories would be in no position to criticize the correspondence 
principle on the ground of artificiality alone, for they live 
in houses of much thinner glass. It is only on the basis of 
lack of definiteness in its statement that the correspondence 
principle can be criticized in relation to the newer theories. 
I think it is worth while to point this out; for, since the 
parents of the Bohr-Sommerfeld theory were classical and 
conservative, one is apt to regard radical tendencies in that 
theory as of much greater seriousness than one would attribute 
to them in such theories as the matrix theory or that of 
Schrödinger which were born in radicalism. 

Systems More Complicated than Hydrogen.—When we come 
to systems more complicated than hydrogen, the Bohr- 
Sommerfeld theory has not been very successful in speaking 
without ambiguity even as to the frequencies. In the first 
place we become involved in the difficulties inherent in the 
problem of many bodies. Even the problem of normal 
helium is supercomplicated, and for more complicated atoms 
matters get worse and worse, so that approximations and 
empiricisms have to be invoked to tell even a partial story. 

Now we would not be justified in condemning a theory as 
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wrong because it is complicated and taxes too greatly the 
skill of the mathematician. But there is something more 
serious. For there are indications that even if we were 
endowed with infinite mathematical skill so that we could 
take into account all the mutual perturbations of the electrons, 
the results obtained by calculating these perturbations in the 
classical way would not be right. The very features which 
have necessitated the departure from a classical to a quantum 
theory for the effect of optical frequencies in the photo- 
electric effect, for example, enter again in rendering uncertain 
the way to calculate the mutual influences of the electrons of 
complicated atoms on each other, since these electrons 
approach and recede from each other in times comparable 
with the periodic times of light waves. 

Then again, while the principle of expressing frequencies 
as the differences of two functions of integer numbers—the 
functions representing energies divided by h in the Bohr 
theory—seems to hold with a very wide degree of generality, 
a complete accord with experiment seems to require that in 
certain cases we admit, in addition to integers, half integers. 
While there is no formal objection to the appearance of these 
half quantum numbers in the Bohr-Sommerfeld theory, that 
theory gives no aid to their inclusion by suggesting when they 
should appear and when they should not. 

Finally, one of the most serious difficulties presents itself 
in the fact that the quantization process involving the 
integrals pdg becomes without meaning for those cases where 
the Hamilton Jacobi equation is incapable of solution in any 
coordinates in a form involving a separation of the variables. 

The difficulties inherent in the Bohr-Sommerfeld theory 
became so acute as to seem, even to its authors, to call for a 
complete revision of our whole attitude towards atomic 
processes, so that when only a couple of years ago a new 
aspect of the whole question was suggested by the work of 
Heisenberg, Born, and Jordan, it was seized upon with such 
avidity by all atomic architects that now even the atomic 
mason and plumber of the atom, the laboratory man, must 
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take stock in what is going on so that he may acquaint 
himself with the sort of structure he may be expected to work 
upon. No sooner had the Born and Heisenberg theory gotten 
started than a new viewpoint appeared in the work of 
Schrödinger, a viewpoint which had even a greater appeal to 
many. ‘These two newcomers have endeavored to settle their 
rivalry in friendly fashion by finding a sort of blood relation- 
ship between them. In fact their godfathers claim that they 
are almost more than twins. 


THE THEORY OF BORN, HEISENBERG AND JORDAN. 


In the Born, Heisenberg, Jordan theory the attempt has 
been made to make known facts rather than atomic models 
the starting point and to build up a theory under the constant 
control of those facts. 

The first outstanding fact is that the spectra of the atoms 
seem to be comprised of a number of simple harmonic 
frequencies. 

The second outstanding fact is that the frequencies emitted 
from any one atom seem to satisfy the condition that they 
can all be obtained from a suitably assigned number of 
constants W,, W2, for the atom, by writing 


Wi- W: W, — W, _ Wn — Wa 


——— Oe E 

In Bohr’s theory we thought of them as corresponding to 
energy levels but they need not be so in general. Moreover, 
with a few exceptions for which it seems to be possible to 
provide rules as to their occurrence, all of the lines predicted 
by the various differences of the W’s occur. The latter 
remark is of some importance, because, if we were given any 
assigned set of frequencies, we could always assign a set of 
W's which in their differences would contain all these fre- 
quencies. In general, however, the W’s having been assigned, 
they would predict a lot more frequencies than they were 
designed to predict. The totality of frequencies calculable 
from n W’s is n! and the essential feature of our remark is 
that the number n of W’s which it is necessary to assign to 
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account for N frequencies is just such that N = n!, after 
making allowance for certain absent frequencies in respect of 
which it may be said that one of the most powerful features 
of the newer theories is their power to predict zero intensities 
for these frequencies.’ The law of course contains the principle 
that 


and in general 

| Vnk + Vim = Vnm, 
which is the Rydberg-Ritz combination principle. Every- 
thing so far may be regarded as based upon experimental fact. 


Let us write down the frequencies in a two-dimensional 
array for the purpose of looking at them. 


Vil Vig Vi3 «(V4 
V21 V22 V23 V24 
V31 V32 V33 V34 


Var V42 V43 V44 


Of course we have here written vız and v2; for example. It 
would appear that we have included a number of impossible 
frequencies which are negative. This diffculty will disappear 
if we generalize our idea of frequency a little, and regard » 
not as the number of vibrations per second but as the 
coefficient of 27¢ in the expression 


y = yo COS (2myt — ô) 
for a simple harmonic motion. There is now a perfectly 
definite meaning to » being negative. For, if »y = —|»], 
y = yo cos {— (2r|»|t + ô)} 
= yo cos (2r |»|t + ô), 


3] speak here as though there were a finite number of W’s for each atom, 
whereas in practice there is an infinite number. The principle would have 
definite meaning for an infinite number, and the reader will have no difficulty in 
suitably modifying the phraseology to apply to such a case. 
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which is still a harmonic motion. We then think of a set of 
simple harmonic oscillations 


Ymn = | Iman | COS (2TVmnt + bmn) 


= 1 Zman] í e?" ”mni+ bmn hs en 2atmnt—Bmn} 
which we can write 
— 2 os 
Vann = Zamne Tmn! + anme. 


provided that vam is equal to — vmn», as will indeed be true, 
according to our specification of the »v’s in terms of the W’s, 
and provided that dam is the conjugate of Jmn. We then 
transfer our attention to the set of quantities gma = mne"? 
which we can, if we wish, write out in an array such as 


dir Qi2 qis qua qis 
G21 qd22 Yes Gea qd% 
G31 32 33 34 35 
dai Gaz Qas Yaa qe °° 's 


always, of course, with the understanding that qn, is of the 
form 


dmn = dm nemnt ( I o) 


and subject to the condition that 
Gam is the conjugate of Jmn (11) 


and that the vmn» are obtainable from a system of W’s in such 
a way that 
Wm x = Wna 
YVmn = camer as ’ (12) 


which of course provides for 


Yann = — Vam. 


Now we want to construct a theory; and what do we mean 
by that? I might spend an hour dilating upon what we mean 
by a theory, and should rather like to do so, but for that 
there is no time. I must content myself by the remark that 


we all probably think we know what we mean by a theory 
VoL. 205, No. 1227—24 
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even though we may all mean different things. However, 
we shall all probably agree that we should be happy to see 
some differential equations for the gm, which would insure 
that they came out in the form (10), subject to the conditions 
II—I2. Our happiness would probably be increased if the 
differential equations had some respectable ancestry. 
Matrices.—In preparation for what is to come, I must 
now pause for a moment to say a few words about matrices, 
and shall confine myself to the minimum for my purpose. 
Let us take a board with a definite number of squares 
in it, and in each square let us write a number as in Fig. I. 


Fic. 1. FIG. 2. 
Gii | Gi2 | Gis | Gig | Qis 3 bu | bis | bis | bia | bis 
G2, | Gee | Q23 | Gea be: | beg | Bes | Bea | des 
a3 bs | bz 


a a ne eee ee eee ed 


.]— | —— | —— | |] c | J | |] hO_ eee | fl ee ef |] | 


Such a set of numbers is called a matrix. Let us take a 
similar board with a set of numbers in it as in Fig. 2. I can 
form a third matrix by writing on another board the sums of 
the corresponding numbers in the a and the b matrix. This 
third matrix is called the sum of the other two. 

Now from any two matrices A and B, I can form a third 
matrix in all sorts of different ways. One way, a way which 
gives a matrix C having very important properties in relation 
to the matrices A and B, is to proceed as follows: 

Let us for example concentrate our attention on the row 
2 of the matrix A and the column 4 of the matrix B. Let us 
build up the quantity 


G21014 + azzb24 + 23034 + azaba + --°, etc. 
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You will observe that this is a quantity which is constructed 
in a certain manner entirely out of the second row of A and 
the fourth column of B. We write it in the 2, 4 square of 
another board C; and proceeding in this way with every 
row of A and column of B we fill up all the squares on our 
board C and we call the matrix we get the product of the 
matrix A into B and write it AB. Now if, instead of pro- 
ceeding with the rows of A and the columns of B, we had 
proceeded with the rows of B and the columns of A, we should 
have produced another matrix which we should have no 
earthly reason to expect equal, term for term, to the matrix 
we have called 4B. Yet, consistency in notation demands 
that we christen it BA, so that in general we have AB # BA. 

There is nothing of mystery in this. Every appearance 
of mystery in it comes from the name which has been attached 
to the operation of constructing the new matrix—the name 
multiplication. If we had called the process multuplucation, 
nobody would have any difficulty. All suspicion of a difficulty 
should vanish if we observe that there was nothing which, 
in its own right, had a prior claim on the term multiplication 
of matrices until we had defined one. You might say, why 
not call multiplication of matrices the process of producing 
from two matrices A and B a new matrix by multiplying 
the corresponding terms together. There is no formal ob- 
jection except that the thing so obtained would not have 
many useful properties. 

In general, the mnth term of a matrix ad is given by 


(ab) mn = 2. OmkO kn: 


Now we observe one very interesting and, as it turns out, 
important fact as applied to the multiplication of matrices 
composed of quantities like our gmn. Suppose we have two 
matrices like the following one composed of the gman, and 


Gue?tint Gize2r brisé qı ze2Tin gt pie2tirt Pix 2rty, 38 Prse2™ brisé 


qae? Tint Qzre?Tirnt Grice? TOn Pane?Tnt Pue? Tnt P: ze? Tir 


que2rtat | ğuelrint | dueri Pye2rtast | prezrinst | Byse2™ baat 
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another composed of other harmonic vibrations Pmn, such 
that corresponding terms of qmn and mn have the same 
frequencies. On forming the matrix product of the q matrix 
into the p matrix, we shall obtain for the mnth term 


2 Gmk Bp ne ren! a 2 mk Dene me tren), 


If the quantities vmx, ¥en Satisfy the Ritz combination principle 
(and they will if they are of the form 12), then for every 
value of k 
Vmk + Ven = Vmns 
so the mnth term of our product matrix will be 
errant EI TS 

You will observe that it also is a complex harmonic vibration 
and it has the same frequency as the mnth terms of the matrices 
which are multiplied together. In other words, if we take 
two matrices with equal frequencies in corresponding squares 
and multiply them together, we shall obtain a new matrix in 
which the frequency associated, say with the 2, 3 square, is 
the same as the frequency associated with each of the 2, 3 
squares of the matrices which were multiplied together. 
Suppose now we take this new matrix and multiply it by 
another matrix composed of harmonic elements with the same 
frequencies. We shall obtain a fourth matrix in which again 
the frequency associated with the mnth term will be the 
same as it was in all the matrices we have used in its con- 
struction. 

Now, in ordinary algebra, practically all the functions, let 
us say of two quantities x and y, are quantities obtained by 
adding together products of x and y. Thus, our functions of 
x and y take forms like 


x? + 3y + xy 


and so we define functions of two matrices p and g as a 
matrix, for example, like 


p + 34 + °g, 
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thereby meaning the matrix we obtain by multiplying the p 
matrix by itself, then multiplying all of the terms of the q 
matrix by 3, then multiplying the matrix q by the matrix 
obtained by multiplying the matrix p? by the matrix p, and 
when this has all been done, adding together the corresponding 
terms of the matrices obtained. You will observe that in 
view of the foregoing remark, if the matrices p and q are of 
the type 


sl, A 2rty ‘ ary 2xrty 
dmn = Umn€ mn‘; Pmn = Pmn€ mat 


all of the matrix functions of them built up according to the 
foregoing idea will have associated with their mnth term the 
same time factor e?*"='. This will turn out to be a very 
important property. 

We define two matrices as equal to each other when the 
mnth term of one is equal to the mnth term of the other. 

Now, a word with regard to what is called differentiation 
of one matrix with respect to another. Suppose that in 
ordinary algebra we have an expression z a function of x and 
y of, say, the form 


= x? + 3y + xy. 


We know what we mean by differentiating z partially with 
respect to x. We mean, make a small change in x while 
keeping y constant. Find the corresponding change in z. 
Proceed to the limit and so forth. But when we have said 
all this and found out how to carry out the process, we would 
differentiate the foregoing expression for z partially with 
respect to x by taking the 2 from the exponent of x? and 
putting it on the left hand side of x. We would rub out the 
3y, and we would take the 3 from the exponent of the <x’, 
put it at the left hand side and change the exponent of x 
to 2. In this way we would obtain 


OZ R 
Jx T 2% t 3x. 


We would then interpret the result. Now this formal process 
of changing around the positions of the numbers is a perfectly 
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defined process irrespective of the more deep-seated meaning 
of differentiating. It would be a definite process even if 
there were no deep-seated meaning, although the chances are 
that it would then be of no great use. We can define differ- 
entiation as the procedure of carrying out the same operations 
with the symbols as we should carry out in ordinary differ- 
entiation. In other words, if we want to differentiate the 
matrix function 


M = p? + q? + ap?q? + bgp? 
partially with respect to p, we simply write 


> = 2p +0 + 2apq? + 2bq*p 
and this is what we call the partial differential coefficient 
concerned. All we have to be sure about is that it does 
represent a matrix, and of course it always must, by the 
very nature of its formation. 

In matrix calculations we meet with such expressions for 
matrices as 1/(p?-+ œ). Without further definition they 
would be meaningless. They become defined in a manner to 
give them meaning, however. Thus the quantity in question 
becomes defined as a matrix which when multiplied by the 
matrix $? + gq? results in a matrix all of whose terms are zero, 
except those on a diagonal, these being unity. 

I shall need only one more result in pure matrix theory, 
and this I shall quote without proof. 

Suppose that ¢ is any matrix function of two other 
matrices p and g in the sense in which we have understood 
the word function. Then it can be shown that 


h do 


271 ap ? (20) 


gd — qe = 


provided that the two matrices satisfy the condition that 4 
(pg — Gb) mn = hl2ri for m = n, (21) 
(Pq — GP)mn = O for m # n. (22) 


4 The constant h/2xi occurring in (20) and (21) could of course be replaced 
by any constant for the purpose of this theorem. 
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Here the differential coefficient d¢/0p is understood in the 
sense of matrix differentiation as we have defined it. 
Resumption of the Atomic Problem.—Let us return now to 
our problem of atomic structure. We think of a number of 
coérdinates which we shall label as mn, and we want to 
determine from them some differential equations which will 
insure that they shall come out as functions of the time of 
the form 
dmn = Gmn@ =", (23) 


where vmn are of such a nature that they can all be determined 
in terms of a suitably assigned set of constants W for the 
atom by the relation 


Wa — Wn 
Vmn = n (24) 


How can we bind ourselves in our differential equations so 
as to be sure that we shall secure this result? 

Now if we adopt a sufficiently cold-blooded attitude 
towards the problem, we can solve it very easily. Thus, for 
example, suppose we take the Hamiltonian equations (1) and 
adopt for our Hamiltonian function the form 


En 2 
=Z EE] pm at; grt (“2 *2) ams} (25) 


where the different codérdinates and momenta are to be 
obtained by attaching all integer values to m and n in qmn 
and mn, and where the W’s are suitable numbers characteristic 
of the atom. The Hamiltonian equations of course yield 
from the above value of H a harmonic function of the time 
for gan, the frequency being given by 


Wn- Wa, 


Vmn h 


Indeed, our expression for H is none other than that for a 
System of independent simple harmonic oscillators. 
Thus, for example, if we should take 
4 
W, = 2 TME ( I ) 
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the expression 


resulting is that of the Balmer formula; and, by inserting an 
appropriate expression for the coefficient of qm»? as a function 
of m and n in (25) it is obviously possible to obtain any form 
we may desire for vmn, such a form for example as that 
representing the relativity fine structure. 

While such a procedure as that we have sketched could 
be made to give, formally, the frequencies associated with the 
atom, it would probably not be deemed satisfactory as a 
theory. For, quite apart from the dissociation of the pro- 
cedure from any concrete picture of the mechanism, the 
necessity of specifying arbitrarily so many numbers (the W’s) 
to fix our atom would rob the procedure of that element of 
simplicity of statement which characterizes what we mean by 
a theory. The features which determine whether a state- 
ment of atomic processes is to be designated as a theory or 
merely as an empirical collocation of facts is, in some measure 
a matter of convention. In so far as convention has crystal- 
lized itself, however, the custom has been to start with a 
mathematical form characteristic of the system (a Hamil- 
tonian form, for example) and then, by means of differential 
equations, involving this form, express what we wish to 
express; but, it seems to be an unwritten requirement of 
the fundamental form that it shall contain as few constants 
characteristic of the atom as possible. Indeed, apart from 
fundamental constants like e and h, we have so far preferred 
to have no more than one constant characteristic of the atom. 
On Bohr’s theory this constant is the atomic number.’ 

A very significant feature of the Bohr theory is its power 
to extract from the fundamental Hamiltonian form when 
taken in conjunction with the differential equations, and the 
quantum condition, all the values of W necessary to give 

$ We are here regarding the Hamiltonian function for a simple atom like 


hydrogen as obtained by specialization from the general Hamiltonian function 
for an atom with n electrons. 
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the frequencies, without the necessity of introducing these 
W’s explicitly into the Hamiltonian form itself as was done 
in (25). 

Of course the Bohr theory does not determine the fre- 
quencies as a dynamical consequence of the differential 
equations of motion. Indeed, the only type of differential 
equation which can lead to a simple harmonic motion of 
frequency v, for the codrdinate g, is the equation 


Gr + 4r?v q, = O, (26) 


and to such equations the Bohr theory does not lead. The 
Hamiltonian equations can only lead to equations of this 
type when used in conjunction with a Hamiltonian function 
of the form 


H =} 2 (b? + 4n*v,2q,%), 


in which all the »v,’s are expressed in the Hamiltonian function 
H at the beginning; and it would appear that no system of 
ordinary differential equations even though they be different 
from the Hamiltonian equations could lead to differential 
equations of the type (26) without the explicit occurrence of 
the desired v, in the fundamental form figuring in the original 
differential equations. The equations with which we do 
have to deal usually go as far as having solutions which are 
periodic, simply or multiply, but not simple harmonic. When 
we analyze the periodic solution into harmonic terms we 
obtain Fourier series of such terms, and the relation between 
the frequencies in a Fourier series is fundamentally different 
from the relation between the frequencies in spectral lines. 

If, however, the laws of our subject are expressed as 
relations between matrices, the fundamental difficulty as 
regards the frequencies disappears at one stroke. Thus, 
suppose that we consider a set of simple harmonic motions 
of the type mne’, and write them down in the form of a 
matrix, as we did above in the section under matrices. 
Suppose further that we consider any other set of quantities 
Pme ta, forming a matrix with the same frequencies. We 
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may, if we like, consider any number of sets of such quantities 
forming matrices $, q, r, S, ++. If we differentiate any one 
of these matrices with regard to the time,® we obtain another 
matrix with the same frequencies; and the same conclusion 
holds no matter how many times we differentiate it. We 
have already seen that if we multiply any matrices such as 
p, q, etc., together, we get another matrix with the same 
frequencies so that, for example, in such a matrix equation as 


dp dq \? -Pe AE = 

ae T a( 3) + bp’? = o, (27) 

-oc PP ag" 

where a and b are constants, each of the matrices JA’ ap 


bp’? would have as the coefficient of its mnth term the same 
time factor e?*”’="' as. applied to the p matrix or the q matrix. 
Thus this time factor would cancel out in our equation and 
leave us with an equation involving only the amplitudes and 
frequencies, the latter having made their appearance in the 
time derivatives of the matrices. A similar remark applies 
irrespective of the degree of complexity of the differential 
equations of which (27) has been taken as an illustration. 
The net result of all this is that the procedure permits us to 
determine one frequency vnm as associated with any codrdinate 
qnm, Without encumbering ourselves with a lot of other 
frequencies which we do not want. Had we sought any 
such result from an equation like (27) treated as a differential 
equation between ordinary quantities, we should find that 
it would not have been permitted. Thus, even for the case 
where there is only one p and one q, if we should substitute 
q = qe and p = pef in (27), while the first two 
terms of the equation would give a time factor e’**=", the 
second would give a time factor e?*°?’="* and the third would 
give a time factor e?"*°"="*, Thus the time factor would 
not cancel out from the equation, and this is the way the 
equation has of telling us that it refuses to be satisfied by 


* By this we mean, differentiate each term of the matrix with regard to the 
time. 
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any situation involving only one harmonic period for each 
coordinate. Looking back over our argument we see that 
it was the peculiar nature of matrix multiplication which led 
to the fact that functions of matrices were matrices with the 
same frequencies as those in the original matrix and so to 
the conclusion that the substitution of simple harmonic 
functions for the gmn, etc., in the differential equations would 
result in the cancellation of the time factors from the equations, 
leaving equations to determine the vmn and incidentally the 
amplitudes. 

If then we intend to broaden the basis for obtaining single 
simple harmonic frequencies for each codrdinate beyond the 
stage provided for along classical lines in the use of the 
Hamiltonian function (25), we may do so by deciding to 
describe our laws in terms of the language of the matrix 
calculus, in the sense that all our equations shall be matrix 
equations. We may yet encounter difficulties in predicting 
the frequencies we desire, but we shall never encounter 
difficulty on the basis of requiring for each gm, a simple 
harmonic frequency and nothing more. 

If then we desire to have 


Vmn = a, (28) 
we must have 
2rivnngnn = T (Wm — Wade (29) 
If gan has to be of the form 
Qmn = Imne? (30) 


then the left-hand side of (29) must be gm, so that we must 
have 


dmn = ant (Wa — Wn)Qmn- (31) 


Now let us write our gmn in the form of a matrix. 
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FIG. 3 
qu q2 qız qa qis Wi 
an | g | a | aw | aw | | We | | | 
qn | qe | an | au | as | | | Wal | 
qa | au | gw | galas |. | |. Wal. 
e ~o F ae E | ims 


In this we make no assumption, we simply construct a table. 
Let us prepare a chart for another matrix and relabel our W’s, 
for convenience of notation, as W, = Wi, Wa = Wa, +- 
Let us insert them on this chart in the appropriate positions 
indicated by their subscripts. Here again, we assume nothing, 
we simply construct a chart. Now we may regard this W 
chart as a matrix with a lot of its elements zero. If we 
don’t like this, we may write suitable W’s in all the other 
spaces and then put them equal to zero whenever convenient. 
A matrix such as Fig. 3 is called a diagonal matrix. 

Now it is a comparatively easy thing to prove that if 
we take the matrix product of the g matrix and the diagonal 


W matrix, : 
(Wa — qW) mn = (Wm — W)Qmn: (32) 


Hence (31) becomes 
ünn = Z (Wa — gW) mn (33) 


where W and g are now matrices. So far the W’s have no 
significance other than that of a set of numbers assignable to 
the atom. Now in the process of hunting in our mind for 
a specification of those features which were necessary to 
satisfy us in the formulation of a theory we realized that 
tradition had suggested that we avoid the arbitrary importa- 
tion of numbers into our theories for the express purpose of 
fitting our needs and try to evolve them out of some mathe- 
matical form by the aid of suitable mathematical operations 
carried out on it. And so, in respect of our W’s the thought 
has been to express them as the terms of a diagonal matrix 
H, which matrix is taken as a matrix function of the g matrix 
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and some other matrix, a p matrix having the same frequency 
terms associated with it. This process is analogous in the 
mathematical sense to the determination of the energy levels 
as certain numbers evolved from the Hamiltonian form 
chosen, by suitable operations thereon, these operations being 
expressed in the quantum conditions and in the Hamiltonian 
equations. 

Now we recall that, in ordinary mechanics, the conditions 
sufficient in order that a certain function (the Hamiltonian 
function) of the p’s and q’s shall remain constant with time 
is that the p’s and q’s shall satisfy the Hamiltonian equations. 
A similar result holds in the matrix calculus. It can be 
shown that if H is a matrix function of two matrices p and g 
then the conditions 


Pan = — (5). (34); Imn = (G5) (35) 
will insure that all the Hmn» shall remain constant with the 
time. In other words they will insure that all the elements 
of the H matrix which depend on the time, i.e. all the elements 
other than the diagonal elements, will be zero. These constant 
values, which it is now the intention to associate with the 
numbers characteristic of the atom may, from this time 
onward be written either as Hi, Ho, ---, etc, or Wi, 
Wo, ++», etc. For a matrix of N columns and N rows’ (34) 
and (35) would yield 2N? equations which would serve to 
determine all the mn and gmn in terms of the vmn, so that on 
substituting back in the H matrix, the constant values 
Ais, Ho, «++, etc., will involve only the vmn. 

Now we have seen that in order that the frequencies may 
be of the form (28) it is necessary that (33), which we may 
now write as | 


mn = = (Hq os gH) mny (36) 


7 The matrices are of course infinite in extent. The extension to this case 
will probably cause no immediate trouble to the reader however, apart from 
conditions of convergency, etc., into which we will not now enter. However, a 
difficulty does arise in respect of the uniqueness of the solutions of the algebraic 
equations, and it is necessary to import additional criteria for the selection of the 
solutions to be accepted. 
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shall hold. And since the mn, by their very nature, must 
have the same frequencies as the gmn, we must also have 


Pan = az (Hp a PH) mn. (37) 


Since we have already subjected our gmn and mn to the 
condition (35), the satisfying of (36) and (37) requires that 


(Hq — gH) mn = ($5). 


271 
and 
-h (9H) |. 


But, as we have already stated in the section on matrices, 
these will be satisfied, and they will only be satisfied, if the 
p's and q's in addition to satisfying (34) and (35) also satisfy 
the conditions | 


h 
(bg — GP) mn = 5 for m = n, (38) 


(pq = GP) mn = 0 for m #Æ n. (39) 


These extra conditions supply N? additional equations for a 
matrix of N columns and N rows, so that in conjunction with 
(34) and (35) they serve to determine the ymn, the m» and 
the mn, and so to leave nothing undetermined in the ex- 
pressions for Hı, Hee, etc.” The numbers which ultimately 
characterize these quantities are numbers characteristic of 
the mathematical form of H and of the equations (34), (35), 
(38) and (39). The situation is loosely analogous to that 
of classical quantum theory at the stage where the application 
of the Hamiltonian equations to the Hamiltonian functions 
determines a series of energy levels depending on the initial 
conditions specified, while the addition of the quantum 
conditions here analogous to (38) and (39) removes those 
initial conditions from explicit expression and represents the 
energy levels entirely as functions of numbers inherent in 
the form of the Hamiltonian function and of the Hamiltonian 
equations, and quantum condition equations. 
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We may thus crystallize the whole situation as follows: 

We may write down any matrix equations we like in 
terms of matrices , q, ---, etc., and be certain that we can 
satisfy them by relations of the type 


mn = Gmne an! 


provided that 


(40); Pmn ai Pmne cnn’, (41). 


Van = Vmk + Vkny 


so that instead of these types of solution being a characteristic 
of a very limited set of laws (differential equations), as in 
the older theories, they are solutions of all types of equations 
of the matrix form. The particular laws (34) and (35), 
however, serve to restrict the p’s and q’s to those which give 
for the values of the Hmn a set of numbers (constants in- 
dependent of the time), one for each value of m and n, all 
the constants for the cases m = n being zero. If, from all 
the possibilities for p’s and q’s admitted thus far, we restrict 
ourselves further to those satisfying the rather mysterious 
conditions (38) and (39), the ym, resulting become restricted 
to those satisfying (28), which is the analytical equivalent of 
the Bohr frequency condition. Indeed, (28) might be used 
in place of (38) and (39) with a resulting removal of the 
apparent element of artificiality inherent in these conditions. 
When solutions of the type (40) and (41), with 


Vann = Vmk + V kns 


are substituted in (34), (35), (38), (39), the time factor 
cancels out in each equation as we have already remarked, 
and we are left with just enough equations to determine the 
Yan, the mn and the mn. In terms of these we can also 
determine the Hı, H22, etc., if we so wish. Not only is 
there no need of any extra conditions corresponding to the 
quantization of the integrals of pdq of classical quantum 
theory, but in so far as the amplitudes mn and gmn provide 
criteria for determining the intensities and polarizations, 
there is no need of anything analogous to the correspondence 
principle. It will be observed, moreover, that since the 
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amplitudes are complex quantities, their determination serves 
to give the phases as well as the real amplitudes. 

Extension to Many Degrees of Freedom.—In a calculus 
which deals with matrices and the like, degrees of freedom 
no longer have exactly what we may term the pictorial 
significance associated with them in ordinary dynamics. It 
is necessary for us to see in what sense the idea of “many 
degrees of freedom” played a part in the old quantum theory 
in order to see what must be done to secure corresponding 
features in the new theories. In the first place we have to 
provide for codrdinates of different kinds, different in the 
sense necessary to provide for the phenomena of polarization. 
Then in the old quantum theory a system of one degree of 
freedom gave rise to an expression for the energy W which 
was a function of only one quantum number, in the sense 
that it could be written as a function of n, i.e. W = W(n), 
with the understanding that the totality of W’s available 
were to be obtained by assigning all integer values to n. 
The frequencies which resulted could be written in the form 


hv(mn) = W(m) — W(n), 


in which the notation is here to be taken as indicating that 
the frequency »(mn) is to be obtained by assigning definite 
integers m and n in W and then taking the difference of the 
W’s so obtained. We have purposely changed our notation 
slightly from that so far used, and have written W(m) and 
W(n) instead of Wm and W,, which we formerly used for the 
purpose of ordering the W’s without, however, implying that 
they were functions of a single set of integers in the sense 
implied above. 

In the old quantum theory, a system of two degrees 
of freedom was characterized by two quantum conditions 
Spidqi = mh and Sp.dq2. = nh, and these lead to the W’s 
being functions of two quantum numbers n, and ne, so that 
W could be appropriately written as W(m, m2), with the 
understanding that the totality of the different values of W 
was to be obtained by assigning all integer values to n, and n: 
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in W(m, m2). Here the frequency equation could be written 
hv(myme, nine) = W(m,, m:a) — W(m, na). 


The older quantum theory, through the expression of its 
quantum conditions in terms of integers nı, m2, etc., provides 
a guarantee from the start that the W’s finally obtained will 
come out as functions of integers. 

Now in the matrix theory, as we have presented it so far, 
the diagonal property of the W’s in the matrices insures that 
they shall be characterized by one set of integers in the sense 
that their positions in the matrix are entirely determined by 
the assignment of the number n in the subscripts Wan. This 
is a very different thing from implying that an algebraical 
functional relationship exists between the W’s and the number 
n, and it is of course an algebraical functional relationship 
which we must have if the various mathematical operations 
already assumed are to be permitted. It is, moreover, not 
inconceivable that the totality of W’s of our simple two- 
dimensional matrices already studied could be included in an 
expression of the type W(m, m2), or W(m, m2, +++, Ma), with 
the understanding that the W’s are to be obtained by assigning 
successively the totality of integers to the numbers nı, no, +++, 
etc., which integers would, however, no longer have any 
simple connection with the integers involved in specifying the 
matrix. Again, it is by no means obvious that the totality 
of W’s expressed by W(m, m2), for example, might not also 
be expressed in another functional form as a function of a 
single set of integers. We thus see that there is not as unique 
a meaning as might be supposed to the statement that the 
W’s are functions of one set of integers, or of two sets of 
integers, etc. However, I must not belabor these matters, 
and must fall back upon that rather undignified avenue of 
escape from his mathematical difficulties which the physicist 
takes when, sensing much possibility of trouble, from then 
on he cleans his slate, remarking that they are matters for 
the pure mathematician to worry himself over. 

Having, therefore, at least made our confession we can 


VoL. 205, No. 1227—25 


358 W. F. G. Swann. [J. F. I. 


rest content in the thought that if the quantities in our 
matrices can be expressed as functions of the numbers which 
label the matrices, then, for the matrices we have already 
discussed, the W’s will come out as functions of a single set 
of integers. 

A method of securing W’s which are functions of two 
sets of integers, subject to postulates similar to those stated 
above, now becomes clear. We must construct, instead of 
a two-dimensional matrix, a 2 x 2-dimensional matrix. In 
other words we must consider a set of q’s and p’s characterized 
by subscripts in the manner dm, m; n, n With frequencies 
Vms m: n, ne We then write a Hamiltonian function of g 
and p, say H(q, p), and, proceeding along lines analogous to 
those already discussed for the simple case, arrive at the 
conclusion that gm,, m: n, n Shall be of the form 


a ettem, mi m, nat 
Im,, Mi; Nis Me dm,, mM; Nj, Ny 


hvm,, Mı; %), mh — Hm, m, (gP) =f Hn, n (gP), 


provided that the Hamiltonian equations hold and provided 
that (pq — Gp) m,,m, n, n = 0 unless mı = m: = nı = nz, and 
equals kh/2mi if m, = m: = nı = m2. There is no formal 
necessity to accompany the process with the introduction of 
two different kinds of coördinates and momenta. Analogy 
with the older quantum theory and the anticipation of the 
necessity of providing for the properties of different states of 
polarization tempts us, however, to attach to the system a 
number of degrees of freedom equal to the number of quantum 
numbers. The result, which we shall not develop in detail 
since it presents no features to cause difficulty, then takes the 
form that, if we start with a Hamiltonian form, 


H = H(q1, Qo, +++, qn; Pry Par +t, Pa). 


Then, the Hamiltonian equations 


with 


blm, Mə, ***, Mn, Ni, Ne, °°°; Nn) 


— (35) 
Ogk (Mis Ma, 29%, Ma; My, My, 29%, Ay) 
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gi(my, Mo, °°°; Mn, Ni, Ne, *°°, Nn) 
OP. (m,, MMe, 88%, Ma; Mys Mer °°°’, Na) 


combined with the restriction that 
(DiGi — WP) my, mas ee, mgs m, n, eee, ng = h /2ri (42) 
f k = l, m, = mı = nm, = n, = etc., and 
(Digi — Qib k)m,, my, eee, mg: ms May ees n = O (43) 


if this condition does hold, these conditions provide for all 
the elements of the H matrix being independent of the time, 
ie., they provide for a diagonal H matrix and they provide 
for simple harmonic vibrations of the form 


(qx) m,. Mas 88%, My, Thy, Mer °°°, My 
= (Ge) m,, Mgs 98%, Ma; Nis Mee ree, T at ee cern ete ae 
with frequencies given by 
hvm,, Mas 2%, Myr My, The ®t, Ty = Hi My, °8°, My ened Hn, Te, °t, Nye 


Moreover, the complete set of equations is sufficient to 
determine all the amplitudes, phases and frequencies.’ 

In the Hamiltonian function and in the relations (42) 
and (43) will be found that tying up of the g,’s with the q,’s 
and g,’s which will prevent all of these from acting entirely 
independently. 

In the practical application of the theory everything 
hinges upon the appropriate choice of the matrix Hamiltonian 
function H. Once this is assigned the whole story of the 
atom is told. Now in choosing the Hamiltonian function 
the procedure seems to be to write for it the same matrix 
function of the p’s and g’s as would be chosen for the ordinary 
algebraical function of the p’s and q’s if one were setting out 
to attack the problem along the lines of the old Bohr theory. 
This seems a curious procedure. For the whole pictorial 
structure of electron orbits which suggested the Hamiltonian 
equations in the classical quantum theory has evaporated. 
The choice of the Hamiltonian function for the hydrogen 
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atom is determined on the old mechanics by the idea that 
the atom consists of a proton with an electron revolving 
around it. Itis for this system that the Hamiltonian function 
is chosen. We obtain elliptic motions with the coördinates 
varying with the time in a manner determined by a whole 
train of Fourier frequencies. The choice of the corresponding 
function on the matrix theory is not expected to lead to time 
variations of the coördinates of anything like this type. It 
is simple harmonic motions related by the Ritz combination 
principle which are desired and provided for. On performing 
the matrix differentiations with respect to the coördinates the 
resulting matrix obtained from each of the Hamiltonian 
equations has the same form as the expression for the corre- 
sponding algebraical function of the Bohr theory. However, 
the process of picking out the mnth term of (3H/ðq), for 
example, in order to equate it to — fm, is, in general, an 
exceedingly difficult matter, and there is no reason to expect 
any similarity whatever between the equations which result 
and any of the equations of the classical theory. It is 
difficult to see why that mathematical form of a Hamiltonian 
function which, when subjected to the analysis of the Bohr 
theory, led to a certain spectral series should, when subjected 
to the entirely different treatment of the matrix theory, 
conserve in itself the story of that series. The technique of 
the operation of the conditions (42) and (43) is moreover 
quite different from that involved in the quantization of the 
integrals of pdg. If, in quantizing in terms of the old Bohr 
theory, we had been asked to multiply the angular momentum 
in one ellipse by the radial momentum in another ellipse, and 
after building up a lot of quantities in which the properties 
of all the orbits were mixed up, we were asked to quantize 
that, we should have a condition somewhat analogous to 
that demanded by the conditions (42) and (43) in the matrix 
theory. We were even alarmed when the correspondence 
principle asked us to determine intensities by talking about 
two orbits at once. However, when we have gotten over 
the shock of such a radical departure from the classical 
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quantum method, we have to realize that it is really a strong 
point in favor of the new theory that it wishes to speak of 
the whole atom at once. The attempt to speak of individual 
orbits and then discuss perturbations between them was the 
thing which led to a hopeless complexity, and indeed to 
ambiguity in the process of quantization in the classical 
quantum theory. Nature seems to have a way of rejuve- 
nating its simplicity at certain stages of development in its 
complexity. A molecule of HCI becomes a terribly compli- 
cated thing when thought of in terms of individual orbits 
with quantization rules of the old Bohr theory. When 
thought of as a dumbbell, and very much the same old rules 
are again applied in this coarser view of macroscopicness, it 
again becomes relatively simple, as the theory of band spectra 
shows. One is almost tempted to think of a certain con- 
servation of law form as we pass from one degree of macro- 
scopicness to another. If then we have sufficient faith, there 
is something pleasing in the thought that nature may present 
us in each atom with a relatively simple problem for a type 
of an analysis which talks of the atom as a whole. It is at 
any rate an experimental fact that the behavior of even the 
most complicated atom seems to preserve a degree of regu- 
larity and simplicity which almost surprises one who thinks 
what he might expect on the Bohr theory even were he en- 
dowed with infinite mathematical skill to work out, properly, 
all the perturbations of what he might suppose to be the 
orbits in the atom, and then perform some marvelous trans- 
formation of codrdinates in terms of which his quantization 
process would have meaning. It does seem a curious pro- 
cedure for choosing a Hamiltonian function to take for it a 
form which was expressly designed as appropriate to the 
theory we have discarded. Yet, if we do not bind ourselves 
in some way in the choice of our Hamiltonian function, we 
run the danger of inviting a greater degree of empiricism 
than most people would stand for. When all is said and 
done, however, it does seem curious that, in seeking for a 
Hamiltonian function for our new theories, we should alight 
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upon the practice of engaging the old Hamiltonian function 
which used to serve in the Bohr theory, because it lost its 
job when that theory gave out. 

To my own mind, the ideal procedure in applying such a 
theory as the matrix theory would be, if it were possible to 
carry out the plan, to start with the empirical expression for 
the series given by the classical spectroscopist, in a form of 
course embodying the Ritz principle, then having picked out 
from this the values of W;, W, W3, endeavor to construct a 
Hamiltonian function such that these were the diagonal 
elements. 

By using the classical form for the energy of a dipole 
simple harmonic oscillator, Born has solved the problem of 
this oscillator. He has shown that it can only emit a single 
frequency equal to its classical frequency and that the values 
of W associated with it are hvo, hvo, ---. He has further 
found the expression for the amplitudes of the oscillations 
corresponding to the various single quantum jumps of the 
older theories, the frequencies corresponding to these single 
quantum jumps being the only ones which the theory permits 
to exist. Thus, the series of energy levels starting with Avo 
and increasing by hv seems to be provided for in a natural 
way as part of the theory, in contrast with the classical 
quantum theory which has no definite suggestion as to 
the thy. 

Here, however, I must pause for a few remarks. The 
matrix theory does not provide for radiation. It provides 
for a codérdinate gmn, for example, changing simple harmoni- 
cally with the time, but it does not require that waves are 
emitted. Indeed, the story it tells is one in which all the 
H’s remain constant with the time. The mathematical 
picture is not one of something having an energy H, and 
then jumping to a place where it has an energy H: leaving 
the atom with less energy than before, because of the emission 
of radiation of amount H, — H2. The picture is that of a 
series of values of H each constant for all time, and a set of 
simple harmonic vibrations with frequencies (Hm — Hn) /h 
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going on continually for all time. One might attempt to 
avoid the difficulty by saying that the oscillators radiate no 
energy, but only a sort of ghost field of influence which 
determines what would happen elsewhere. We cannot dodge 
the dificulty so easily, however, for in attempting to do so 
we should, in the case of the production of photoelectric 
effect in an atom B as a result of radiation from an atom A, 
involve ourselves in the conclusion that the atom A could, 
without any change in its state, go on ejecting electrons 
from atoms like B for ever. Moreover, in a strict formal 
interpretation of the results, even admitting that radiation 
takes place, there is nothing to limit the individual amounts 
of it to kh times the frequency emitted. ‘Truly, the theory 
makes the frequency equal to that given by hy = Hm — Ana, 
but the codrdinate can go on changing with this frequency 
for ever as far as the theory is concerned. Moreover, the 
conclusion with regard to the energy levels of the simple 
oscillator is not as satisfactory as appears at first sight. 
For the significance of those energy levels in their application 
to specific heats, for example, was this: On calculating by 
the usual formula of statistical mechanics, the probability 
that the oscillator was in any one of these states and then 
taking the average value of the energy in all these states an 
average value appropriate to the specific heat data was 
obtained. Here, however, the literal reading of the theory 
presents us with all of these energy states present at all time. 

We may appear to avoid these difficulties by placing a 
different interpretation on the theory. We may say that 
the procedure is not to interpret the theory literally, but to 
go through the process of calculating the frequencies, ampli- 
tudes, and phases by it and then set up a sort of corre- 
spondence between the results of this calculation and nature 
by saying that the frequencies calculated represent the 
frequencies which may be emitted, and that when they are 
emitted there is a real change in the atomic energy corre- 
sponding to the difference between the W’s associated with 
the frequencies actually emitted. The success of the pre- 
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dicted energy levels for the simple oscillator would then 
depend upon the importation of the usual probability factor 
of statistical mechanics to determine the number of the 
systems in any one of the energy states assigned. Un- 
fortunately, on such a view we are left with uncertainty as 
to the meaning of the intensities of the lines in an atom in 
terms of the amplitudes calculated by the theory, since the 
measured intensity will depend not only upon the amplitude 
of the emitted vibration but also upon the average time 
during which the process is going on. In cases where the 
frequencies whose amplitudes are to be compared are all 
associated with changes in energy levels which are near 
together, as in the Zeeman effect, we might be justified in 
assuming with some doubtful plausibility that the relative 
intensities were proportional to the relative values of the 
squares of the amplitudes of the corresponding oscillators. 
Of course we might attach a formal significance to the ampli- 
tudes by supposing their squares to measure the relative 
probabilities of the corresponding transitions and then secure 
definiteness as regards the energy emitted by supposing that 
each transition is accompanied by an emission of energy equal 
to h times the corresponding frequency. Such an arbitrary 
procedure could hardly be expected to reflect the truth in the 
case of comparison of widely different frequencies. More- 
over, in such a scheme of correlation, the last suspicion of 
our picture of oscillations vanishes. 

Apart from these difficulties the theory has certain 
beautiful things to say. One of its most attractive achieve- 
ments lies in its power to predict absence of certain lines. 
If the theory predicts that any of the gmn are zero, then on 
almost any interpretation of the formal theory we should 
expect the corresponding frequency to be absent in the 
spectrum. 

In its process of yielding the gm, it may well be supposed 
that the theory will in many cases predict that some of them 
are zero. Thus suppose we write for a three-dimensional 
system 
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(Mz) mn z (qab: oe PvJs) mn 
(My) mn = (qabz — PiGz) mn: 
(M,)mn = (QePy — P2Gy)mn- 


It will be observed that the corresponding expressions on 
classical theory would be the three components of the angular 
momentum, although it is unnecessary for us to take any 
formal cognizance of this. It is possible to show that if our 
Hamiltonian function (which of course controls everything) 
leads to dM,/dt = o, then 


h 
©) imm = Minn) = zgi um” (44) 
(Manm — Mans) = — -+ (45) 
dymn zmm znan]; 7T 271 Qzmny 45 
Jemna Memm = Minn) = 0. (46) 


These tell us that if the Hamiltonian function is such as to 
lead to the conclusion that, for example, Mimm — Mann is not 
zero, then there will be no amplitude for the mn frequency 
parallel to the axis of z. The plane of oscillation is perpen- 
dicular to the z axis. On the other hand, if Minn — Mann = O, 
then gymn and Qzmn are zero, and the vibrations take place 
parallel to the z axis. 

Again, in the former case, it is possible to show from 
(44)-(46) that 


h? 
| (Mam T Minn)? m Z | dems = O, 


h2 
| (Mann Ta Minn)? ag A | dens = O, 


and this tells us that if, for example, Mizmm — Minn is not 
zero so that, as we have seen, g:mn is zero, then © 


M imm ag Mian = + or dımn = 0 and dymn = 0. 


In other words, only for those values of n and m for which 
the difference of the M’s is h/27 can we get any amplitude 
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perpendicular -to z for the frequency vmn. And, as we have 
seen, only for the case where Mmm — Mann = O can we get 
any amplitude to the frequency vmn» parallel to z. The net 
result of all this is that if the Hamiltonian function is such 
as to lead to M, = o, then a very complete story of the 
absence of certain vibrations is obtained by calculating the 
M,, M, and M., and discussing the amplitudes and polariza- 
tions for the frequency vam by considering the values of 
Mimm — Mann. Only where this quantity is zero or + h/2 
do we get any amplitudes at all. If it is zero, the vibration 
is parallel to z; if + h/2, it is perpendicular to z. In the old 
Bohr theory a similar discussion was made in terms of the 
quantity M which there figured in a dynamical sense as the 
angular momentum of the orbit. In that theory it was only 
possible to make the discussion by way of the principle of 
correspondence. Here, everything comes out of the primary 
theory itself. 

Pauli has attacked the problem of the hydrogen atom 
and has been successful in predicting the Balmer spectrum, 
but he has not calculated the relative intensities. 

Of course, quite apart from the difficulties I have cited, 
such a theory as the Born and Heisenberg will appear quite 
incomprehensible to one who will think only in terms of 
our customary mathematical methods. The process of calcu- 
lation from the original equations to the final results is not 
one which is carried out according to the ordinary funda- 
mental laws of algebra. The process is perfectly well defined, 
however, and the theory of the atom is that we are to carry 
out that process in order to predict what will happen in the 
atom. If there be any who are so tied to the fundamental 
laws of algebra that they are unable to understand that such 
processes as those used in the Born and Heisenberg theory 
can have any significance, I can only say that the procedure 
is something like one where our theory of the atom is such 
that we can calculate the results required by setting up 
certain equations, proceed to develop them and then, when 
we have gotten to a certain stage, proceed intentionally to 
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make a number of mistakes in the mathematics, but in a 
perfectly systematic manner, so that anybody else doing 
the same kind of thing would know how to make the same 
mistakes. We are then to go on to the end. The theory is 
that the results we get in this way will agree with nature. 
The meaning of the process may be vague to some, but the 
process of manipulation of the symbols is perfectly definite 
and it is this which constitutes the theory. 


THE THEORY OF SCHRÖDINGER. 


No sooner had the Born and Heisenberg theory taken 
hold of the imagination than, only about a year ago, there 
appeared a paper by E. Schrédinger which seemed to find 
in an entirely different realm of mathematics a law structure 
which promised well to duplicate the law structure of the atom. 

I have emphasized how in the case of the classical and 
in the matrix theory the story of the appropriate energy 
levels is determined by the form chosen for a certain ex- 
pression, the Hamiltonian function, and the nature of certain 
mathematical operations performed upon it. Thus in the 
case of the hydrogen atom, the Hamiltonian function is 


L 24 2 + Ë, 
zp Oe ts es) 


It is a curious thing that while the nature of the operations 
performed on this function in the matrix theory seems so 
different from those performed in the classical theory, the 
values which the restricting conditions permit for it, the 
energy levels, come out the same on both theories. Now the 
vital thing in the Schrödinger theory is this: Illustrating the 
matter for a moment by the hydrogen atom, let us write down 
the differential equation 


2 2 
vy + (E+E) = 0. 


Then, confining ourselves for the moment to E < 0, it is a 
mathematical fact that, quite irrespective of what y may 
mean, or what E may mean, only for certain values of the 
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constant E are there solutions for y which are finite, continu- 
ous, single valued and differentiable throughout space.? The 
values of E in question are essentially the same values as 
those which correspond to the quantized energy levels ob- 
tained on the Bohr theory or on the matrix theory. For the 
moment we need not concern ourselves as to how this result 
may have been guessed. It is sufficient that it is a mathe- 
matical fact. The only element in this expression which is 
common to the matrix theory and the Bohr theory is the 


quantity e?/r. Even — (p? + p,? + p°) has vanished ex- 


plicitly. We have found another way of doing things to e?/r 
by which we may predict our energy levels or, since now there 
has been no mention of dynamics, we had better say another 
way of fixing certain constants associated with the form e?/r. 
What a wonderful but silent story is contained in the form 
e?/r! We have found at least three different ways in which 
we may bombard it with mathematical implements, and in 
all three it comes out of the ordeal calling out the numbers 


E= 2m°mef I I I 
= = T? 22? 72? eee e 
3 


May it not be that there is for every atom some V (in this 
case e?/r), which on insertion in the equation 


8r?m 


Voy + =a ŒE- V)¥ =0 


will cause that equation to give values of y which are finite, 
single valued, continuous and differentiable throughout all 
space only for certain values of E which turn out to be the 
appropriate so-called energy levels? What a curious thing 
if the V found necessary were always exactly the same old V 
which was used in classical dynamics of the Bohr theory for 
the corresponding atom. ` 


è Any mystery attaching to this statement will vanish if we only realize that 
all it means is that in general the solution of the equation becomes infinite for 
r =0Oorr = œ, but the part which becomes infinite has as a factor a function of 
E +a, E + az, etc., which vanishes for the critical values — a), — Ge, etc. 
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Now of course nobody likes to start off with a differential 
equation like this, which has dropped as it were from Heaven. 
One feels in a more dignified position if he has deduced it 
from something. It may be that the something may have 
no more claim to be true than the differential equation, but 
it is at least free from the stigma of being immediately useful; 
and, even as some people obtain a reputation for great 
profundity of thought by never saying anything, so this 
father expression by its very silence in an explicit sense is 
apt to pose as some more fundamental expression of hidden 
mysteries than is its chattering offspring, the differential 
equation, which appears to have descended to the low 
companionship of atoms and molecules. There are also 
certain very dignified mathematical principles in the field. 
The process of determining the condition that something 
shall be a minimum is a particularly dignified one. And, if 
you have an equation, and can show that it is a condition 
that something is a minimum, that elevates to importance 
both the equation and the thing which appears to want to 
be a minimum, even though nobody may have seen this 
latter animal before. His insistence on being a minimum 
gives him the entry into any scientific circles. 

In his first attempt to give a meaning for the existence 
of this equation, Schrédinger starts out with the Hamiltonian 
function H for a conservative system, and writes down the 
equation 


| pe 2 a 
zm (be + by’ + be’) -yE (47) 
We confine ourselves to the case for a hydrogen atom in 


order to avoid too great abstractness in presentation. He 
then introduces a function y defined by 


S = «log y, 
where S is the action, so that 
as as 0s 
Ps = 5,” Ps = oy” b: = a, 
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Equation (47) then becomes 


dy \’ dy \? Oy \? 2m a a 

(2) + (3) + (G2) (245) eH. a 
He then proceeds to do a curious thing, viz. to seize upon the 
left-hand side of (48), and, without any cognizance of its 
being equal to zero, integrates it throughout all space, and 


determines the condition that it shall be a minimum. The 
condition is 


vy + 2(E+o)y=0, (49) 


together with the requirement that dy/d”, the normal deriva- 
tive of y, shall vanish to an appropriate order at an infinite 
boundary. 

This, as a demonstration, would appear to be illogical. 
For the values of y which satisfy (49) do not in general 
satisfy (48); and the actual values of y found by Schrödinger 
certainly do not satisfy (48). Indeed there is no reason 
that they should, because (48) is by no means consistent 
with the minimization of the left-hand side of the equation 
throughout space. I only call attention to this point so 
that any one who reads Schrédinger’s first paper will not be 
confronted with a stumbling block which will prevent his 
going on to the others. I do not suppose that Professor 
Schrödinger would support the first derivation at this time. 
Let me make quite clear that I am not claiming that (49) 
is wrong or that it 1s inconsistent with (47). It is certainly 
inconsistent with (48), but that only means inconsistency 
with (47) if S = «x log y, and there is no need to assume this. 
It is only necessary to modify the statement of the procedure 
to avoid any inconsistency. The procedure is to take the 
Hamiltonian function and form the expression obtained when 
E is subtracted from it. We must then replace p, by 
1fov ody dy 
(3 ay’ az 
expression, and by no means implies equality between the 
expression so formed and the one from which it was formed. 


): This is simply a way of forming an 
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The starting assumption in the deduction of the Schrédinger 
equation may then be taken as the assumption that the 
volume integral of the expression so formed taken throughout 
all space has to be a minimum subject to y vanishing to a 
suitable order at infinity. It is essentially in this way that 
Schrödinger has represented his equation as the result of the 
application of a minimum principle in his later papers. In 
this way it appears as the result of a hypothesis which is 
independent of the Hamiltonian partial differential equation, 
in the sense that there is no implication that it is deduced 
from it. 

In the Schrédinger equation itself there is nothing left of 
dynamics. The values of a certain constant E associated 
with the particular equation applicable to the atom under 
consideration are determined.® There must then be an extra 
hypothesis to the effect that the frequencies emitted by the 
atom are given by the differences of the possible values of E 
divided by k. In this form, and without anything further, 
the theory would have a valuable significance as a process of 
calculating the energy levels. It would not add anything to 
the Bohr theory in the matter of giving polarizations and 
intensities, however, and it would lack any pictorial repre- 
sentation of the phenomenon of the emission of the radiation 
such as the physical mind seems to crave in some form or 
other. In his second and later papers, however, while holding 
to the utilization of the differential equation (49), Schrédinger 
has built up a very beautiful mathematical structure which 
has in it that most desirable feature from the point of view 
of the physicist, the feature of speaking in terms of quantities 
which can be associated in the limiting cases with quantities 
with which we have become familiar in our former work, 
quantities such as charge density and the like. 

A very beautiful guiding idea in Schrédinger’s extension 


*Of course, when the values of E given by the Schrödinger theory come out 
the same as those which would be given by the Bohr theory applied to the 
Hamiltonian function whose form is taken as a basis for suggesting the form of 
(49), it is always possible to permit ourselves the luxury of the Bohr atomic 
picture if we desire it. 
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of his theory in the picture of a wave mechanics is this: In 
optics, when speaking of phenomena concerned with large 
objects, we speak of rays of light, i.e. particles of light moving 
according to the principle of least time. If we try to explain 
diffraction in terms of these rays we fail, for this phenomenon 
is not included in the content of their possibilities, and it 
becomes necessary to introduce the wave idea. When we 
start to theorize upon the production of the waves, however, 
we again introduce some particles, the electrons in the atomic 
orbits, as responsible for the waves, and we have subjected 
these electrons to dynamical laws of motion just as we 
subjected the light particles to dynamical laws of motion. 
This might be all very well when the waves dealt with are 
very long, so that our particle is, let us say, a charged sphere 
oscillating up and down through an amplitude of a centimeter 
and producing a long electromagnetic wave. May it not be, 
however, that the idea of a particle, even as a center of the 
wave disturbance, loses its significance and has not enough 
content to explain the phenomena in the case of radiation 
emitted from an entity of the dimensions of an atom? The 
mind has had a very consistent desire to interpret nature’s 
laws in terms of particles of some kind to which numbers 
may be attached for describing relations between them in 
such a way as to set up a correspondence between their 
behaviors and the phenomena of nature. May this not be 
the wrong procedure, however? 

Let us trace the analogous history of our difficulty in the 
classical optical theory of rays and see how we got over it. 
The starting point of our picture is the wave surface, or rather 
a series of wave surfaces drawn about a point, a wave surface 
being the locus of all the points occupied at one time by a 
certain disturbance, a certain phase, emanating from the 
source. The path of the ray, of the light particle, from the 
center of disturbance to any other point through which a 
particle is known to pass is determined by the condition that 
the time taken along that path is less than for any other 
joining those points. In an isotropic but not necessarily 


SS TT AE ees en 
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homogeneous medium, our about-to-be-discarded particle, 
the light particle, moves everywhere normal to the wave 
surface. All is well so long as we do not place an obstacle in 
the path of the light. But if we do insert such an obstacle, 
the construction for the rays leads to a sharp boundary 
separating the regions where there is light from those where 
there is no light. It can never indicate the diffraction bands 
which experiments reveal. What do we do about the matter? 
In spite of our use of the term wave surface, there has been 
as yet no introduction of the idea of a periodic motion. 
The true wave, with its concept of frequency and wave- 
length, has not yet made its appearance. We introduce it 
either by the crude picture of the construction of Huygens 
wavelets, or in the more complete manner by the introduction 
of the wave equation, which, in the case of an isotropic 
medium, is 
I ðo 
wor 
where u is that very phase velocity which we used in con- 
nection with our wave surfaces and is a quantity varying 
from point to point in the case of a non-homogeneous medium. 
Diffraction as regards the quantity ¢ then follows directly 
we introduce the mathematical specification (boundary con- 
ditions) appropriate to our obstacle. We think no more of 
our particle. Our light intensity is expressed by something 
proportional to the intensity (square of amplitude) of our 
quantity y and not by the number of light particles passing 
one square centimeter per second. Provided we do not 
return to too small scaled phenomena, however, involving 
diffraction and the like, we can always recall our particle to 
represent in its own way the flux of wave energy. Let us 
now trace the analogies of this procedure applicable to the 
point of view that all particle dynamics has representation in 
nature only in the same sense that light corpuscles crudely 
represent rays of light. 

We start off with our old dynamical ideas expressed by 


Vet 


pr = - >=; qr = 


VoL. 205, No. 1227—26 
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where, for a single particle, 


a 
S (p? + b? + pê) + V(x, y, 2). 


On writing 


the equations of motion insure that S satisfies our old friend 
the Hamilton-Jacobi equation 


as , 1 [fas asS\? , (aS E 
I 2m (E) +5) a = z) + 2mVinno |= 0. 


They also insure that if the system is conservative, 


where E is a constant for the dynamical path and is in fact 
the total energy. 


If we put 
S = — Et + f(x-y-z), (51) 


it is possible to obtain a solution for f(x-y-z) by substituting 
in the Hamilton-Jacobi equation. There will be three arbi- 
trary constants, only two of which will be ultimately arbitrary, 
since the determination of the »’s in terms of S and their 
subsequent insertion in the expression for H must give for 
that quantity the value E already assigned. Strictly speak- 
ing, the value of S given by (51) is supposed to apply to the 
point x, y, z, occupied by the particle at the time ¢. However, 
the right-hand side of (51), considered simply as a mathe- 
matical function of x, y, z and ¢, has a perfectly definite value 
at all points of space at any one ł. At any value of t, we can 
imagine a surface of constant S. Only one point of this 
surface is occupied by the particle under consideration; but 
all of the other points of this surface have the physical 
significance that they represent the positions at the time ¢ of 
other particles which have the same energy E and which, 
at previous times, lay on some surface of constant S. If the 
surfaces of constant action form closed surfaces one inside 


Mar., 1928.] THE New Quantum DYNAMICS. 375 


the other, we can regard one of them as converging upon a 
point. If this point be regarded as the simultaneous origin 
of particles ejected with constant energy in various directions, 
all of these particles will at any subsequent instant be on 
one of the surface S = constant specified by (51). As time 
progresses, the surfaces of constant action will move through 
the space according to equation (51) in the sense that if at 
any one instant there is a surface of points over which the 
action has the constant value S, then, at an instant dt later, 
it will be on another surface that we shall find the constant 
value So. l 
In fact, quite generally 


dS = grad S-dn 4 2° at 


where dn is the element of length perpendicular to S = const. 
If we interest ourselves in such values of dn and dt that dS 
is zero, we shall have 


dn = a = | rad S = FO e 
di at | ® mE — Vy}? 


Thus the velocity u with which we shall have to move normal 
to our S surface at any instant in order always to accom- 
pany the same value of S is 


u = e ne 
= [am(E — V) J? 


You see our origin of particles is very analogous to a 
source of light in the optical problem. The particles them- 
selves are very analogous to the light rays or light particles. 
The S surfaces are very analogous to the wave surfaces. 
Now in the optical problem, the transition from geometrical 
optics to a wave theory is made by throwing away the rays 
or particles, retaining only the velocity idea suggested by 
the wave surface, and then setting up a wave equation for 
a quantity y, with the velocity u associated with the old 


10 Of course the velocity of a particle on the surface S = constant is not 
equal to the velocity of the surface as above defined. 
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wave surface inserted in that equation. The only thing the 
new theory has to look after in the matter of these discarded 
entities is that it shall, in the case of short wave-lengths, 
lead to a cancellation of ¢ for all regions where geometrical 
optics would give geometrical shadows. So in the present 
case Schrödinger throws away the particles, the electrons, 
retains only the velocity u, and introduces a new quantity 
y’ obeying a wave-equation 


Vo — 33 op =o (52) 
with 


He then has to see to it that for sufficiently small wave- 
lengths it shall turn out that y’ will have no appreciable 
values outside of the region of the paths of the old discarded 
electrons as calculated on the old classical theory. I must 
hasten to call attention to the fact that the waves associated 
with this equation have nothing whatever to do with the 
light waves as provided for by Schrédinger’s theory. In fact 
there are two kinds of waves in this theory, as will appear 
later. 

Now as regards the solutions of (52), Schrödinger supposes 
that with each E there is associated only one simple harmonic 
time variation of frequency v» given by hy = E. 

Putting then 


y’ = y(x, y, sje ENEE, 


so that P 
y’ i iaa y’, 
we derive 
am(E — V 2 F2 
Vay + mE i -ý = 0, 
E— V 
Vy + 8r?m L y = o0, (53) 


which is the equation we spoke of at the outset when starting 
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to talk of Schrédinger’s theory. The condition that this 
equation shall have solutions which are finite, single valued, 
continuous and differentiable through all space leads, as we 
have already remarked, to a limitation of the E’s to certain 
possible values. In the case of the hydrogen atom, for which 
V = — e?/r, for example, we have a solution for every value 
of E > o, these solutions corresponding to what would be 
called the hyperbolic paths on the old Bohr theory. For E 
negative, however, there are only solutions for such values 
of E as are obtained by attaching integer values to n in 


With each value of there are associated a definite number 
of solutions, just as in the classical quantum theory of the 
degenerate hydrogen atom there are associated with each 
quantum number a definite number of energy levels with 
the same E. 

The next step is to define in terms of y’ a quantity which 
it is appropriate to associate with charge density. The 
procedure is to write down a quantity Q which is a sum of 
all the possible solutions of y’ for all the possible E’s, each 
solution being multiplied by an arbitrary real constant C, 


Q = Cuje ™E +t L o... C upet E M+, 


The u, are solutions of the Schrödinger equation for the 
appropriate values of the E’s. 
Now let us write down the conjugate of this expression 


a _ ~2QatK,tih)— 0 —2xtE,t/h)—, 
DQ = Cyc PREM e a Cyto Pee 


and let us multiply Q by its conjugate. We obtain 


20 = OY CrCatlmun cos| 27(Ex — En); + 6m — 6, | . (54) 


Here then is something which has in it all the frequencies to 
be obtained by dividing the differences of the various possible 
values of E by h. It is something which, if only it can be 
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allowed to act as a source of electromagnetic vibrations, will 
give the sort of frequencies we want. The origin from which 
x, y, z are measured in the functions u is of course the origin 
from which V is measured in equation (53). Theoretically, 
QQ is distributed throughout the whole of space. In practice, 
however, the function dies off very rapidly outside a very 
limited region. 

This function 0 is called the density of charge. It is 
multiplied at each point by, let us say, z, the z component of 
the distance of the point in question from the origin, and 
the result is integrated throughout all space, theoretically, 
although in practice throughout a very little of it, and is 
called the electric moment parallel to z. We see that this 
quantity changes with time in a manner determined by a 
number of harmonic frequencies equal to those appropriate 
to the atom. If we now superpose upon all this the electro- 
magnetic equations, which serve to define, in terms of this 
moment, electric and magnetic vectors having the properties 
of the vectors of that theory, we complete a certain stage of 
our theory. The light waves are the waves of the electro- 
magnetic vectors, not of the quantity y’, whose waves, 
indeed, travel with variable velocity. 

It is well to pause for a moment in order to inquire 
whether this importation of the electromagnetic theory can 
take place quite as easily as I have implied. It is quite true 
that if the density p, and the density times velocity pv, be 
assigned in ordinary electromagnetic theory for all space and 
time, the fields E and H are uniquely determined in so far as 
they depend upon p and pv. In the most logical form of 
the electromagnetic theory, the equations themselves form 
merely definitions of the fields E and H in terms of p and pv. 
The form of the equations does, however, require one thing, 
viz. that p and pv shall be bound together by the equation 
of continuity 


ð s 
gr t div pv = o. (55) 


Happily the functions u possess the property that umun when 
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integrated throughout space gives a zero result. Were this 
not the case, the time factor in (54) would result in a lack of 
conservation of the total charge. We must suppose assigned 
to the density p at each point a velocity v which must be 
assigned so as to satisfy (55). This can always be done. 
For the purpose of calculating the electromagnetic vectors, 
however, at any rate to a first approximation at great distances 
from the charge distribution, only the time variation of the 
total moment calculated as above is necessary. 

We observe that the intensity of the z components of any 
line should be proportional to the square of the corresponding 
integral, | 


LSS S CmCnzlUmun)dxdydz}, 


and each of the um and u, is determined by the solution of 
(53) as a function of E,, and E, respectively, subject to the 
conditions of finiteness, single valuedness, etc., already im- 
posed. Now it has been shown, subject, however to certain 
additional assumptions that the triple integral is exactly equal 
to what on Heisenberg’s theory would be the element of 
matrix mn, provided that the C’s are chosen so as to normal- 
ize the functions Cu and moreover it has been shown that 
the frequencies predicted by the Schrödinger method are the 
same as those predicted by the Born and Heisenberg method. 
We may, in fact, regard the association of 2Q with electric 
density as the association necessary to secure conformity 
with the Born and Heisenberg theory. 

Of course, there is much that remains obscure even on the 
Schrödinger theory. The mystery of the appropriate choice 
of the Hamiltonian function as a basis for suggesting the 
form of y is not as great as in the Born and Heisenberg 
theory, since, for large scale phenomena, the Schrödinger 
theory provides for a merging of wave groups into the paths 
of particles as calculated from dynamics with the same 
Hamiltonian function. In its literal interpretation, however, 
we do have associated with the atom for all time all the 
values of E's permitted by the solution, and the oscillation of 
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our charge doublet goes on forever. There is no provision 
for emission in quanta. Asin the Born and Heisenberg theory 
we cannot escape the difficulty by christening the electro- 
magnetic field as a ghost field which does not really carry 
energy. For the thing to be accounted for is how, in the 
case of the photoelectric effect, for example, one atom can 
do something to another without itself experiencing change. 

The only escape from these uncertainties lies in the device 
cited in connection with the matrix theory—the device which 
operates through transition probabilities instead of contin- 
uous radiation. Unfortunately, such a procedure destroys 
the physical picture promised by the theory.4 

Again, a mystery is presented by the problem of the 
Compton effect, and indeed of all those phenomena such as 
ionization potentials and the like, where energy, now in the 
form of a characteristic constant for which a differential 
equation has a solution, has to find a way of getting over 
into the ordinary mv? form of laboratory experience; although 
the matter is perhaps not so vague of solution on the 
Schrödinger theory as on the matrix theory. Indeed most of 
these matters go back to what was, in electrodynamics, the 
problem of the force equation, the problem of how electricity 
behaves under the influence of the field in which it finds 
itself, and which here appears in the form: how does the 
function QQ behave when an electromagnetic field from 
another atom comes upon it? Presumably the Schrödinger 
theory itself contains the spirit of an answer to these problems. 
For it would appear that the logical pursuit of the method 
to the inquiry as to what happens to an atom B when electro- 
magnetic radiation visits it from an atom A is to set up for B 
a new Hamiltonian function modified in some way by the 
presence of the electromagnetic field (in the theory of the 
Stark effect where the field is steady this is indeed the method 


u For a possible remoulding of the theory in a manner designed to minimize 
these difficulties, see ‘‘Concepts in Quantum Theory ” by W. F. G. Swann. To 
be published in the April issue of the Journal of the Institute. 

12Since this address was delivered theories of the Compton effect and of 
the photoelectric effect have appeared. 
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adopted), then let the atom tell its own story in terms of 
the differential equation (52) and the subsequent procedure 
already traced. Presumably photoelectric effect will make 
its appearance by the appropriate solution for y’ and so for 
QQ, being such that the density as defined in the Schrödinger 
manner will be found to confine itself more or less to a line 
which ultimately leaves the atom entirely, the region on this 
line at which the density is finite progressing along the line 
with a speed which an older interpretation of the photo- 
electric effect would have termed the velocity of the electron. 
In this or in any theory which provides for a continual 
radiation in all directions we are, however, confronted with a 
very serious difficulty when we seek the action of that field 
on neighboring atoms. For the experimental indications are 
that sometimes something happens, and sometimes it does 
not. The field does not provide for a certainty of electron 
emission, for example, but only for a probability of such 
emission. Another difficulty to be faced by the Schrödinger 
theory concerns the occurrence of charges in definite units— 
protons and electrons. The older theories could afford to 
leave this as axiomatic; but a theory which goes so far as to 
define the significance of charge density in the sense in which 
the Schrödinger theory defines it more or less binds itself to 
continue the story to its logical conclusion. It must provide 
for the fact that when that complicated distribution of the 
QQ function which represents the charges within an atom 
unwinds a part of itself in providing for the exit of what we 
call an electron, it does so in such a way that the electron 
always has the same charge. 

In bringing to a conclusion what I fear must have seemed 
to you a very long address, and in order to save myself from 
assassination by either of the opposite extremes of thought 
in atomic physics, I may perhaps remark that it has not 
been my intention to present a brief for or against the theories 
I have been speaking of. My rôle has been that of an 
expositor whose duty has been to give as much of an idea as 
he can of these theories in a short time, remoulding the lines 
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of attack occasionally, in order to arrive at what I have 
supposed to be their salient features in the shortest way. 
I have endeavored to point out a few of the fundamental 
differences between and similarities between these theories 
and the classical theories. While, as I have said, I hold no 
brief for or against these theories themselves, I will not 
disown a brief for the principle that, in seeking a correlation 
of the phenomena of the atom, we shall have to widen our 
horizon of understanding so as to admit the expression of 
laws in forms other than those to which we have been 
accustomed in the days which have passed. The question of 
what criteria are necessary in order that a theory shall appear 
satisfactory to us is a subtle one; but it is one which we must 
settle with ourselves. For we may rest assured that we 
shall never understand until we have first defined to ourselves 
the sense in which understanding is to have meaning to us. 
If we can completely emancipate ourselves from the slavedom 
of models, we may come to believe that a good theory is one 
in which, by the postulation of a few things, we deduce many; 
and we shall not worry ourselves too greatly in a search for 
some more fundamental significance to the postulates than 
the postulates themselves; for we shall recognize those illusory 
fundamentals of fundamentals, our age-long tormentors, as 
the Will o’ the Wisps of Science. 


A FORMULA FOR CALCULATING THE BOILING- 
POINTS OF NAPHTHALENE CORRESPONDING 
TO PRESSURES BETWEEN 824 MILLIMETERS 
AND 704 MILLIMETERS OF MERCURY: 

AND THE BOILING-POINT OF NAPH- 
THALENE AT NORMAL PRESSURE.* 
MARION EPPLEY, Ph.D. 


Member of the Institute. 


THE usefulness of the boiling-point of naphthalene as a 
fixed-point in thermometry depends, to.a great extent, upon 
the accuracy with which the variation of its boiling-point 
with pressure is known, and the ease with which the tempera- 
ture corresponding to a pressure can be calculated. 

Data connecting the boiling-point of naphthalene with 
pressure have been presented by Crafts! and by Jaquerod 
and Wassmer.? ; 

Griffiths ? attributes to Crafts! the following formula: 

t = 218.06 +E or t= 218.06 + 0.058(H — 760). 
This is identical with that of Waidner and Burgess below, but 
for the value of the normal boiling temperature. 

The equation given by Travers and Gwyer ‘ 


T, = 217.68° + 0.057(p — 760) 


is based upon the data of Jaquerod and Wassmer.? 
The expression of Holborn and Henning, 


t = treo + 0.0585(p — 760) — 0.000025(p — 760)’, 
is derived from the figures of Crafts.! 


* Contribution from the Eppley Research Laboratory. 
1 Bull. Soc. Chim. de Paris, 39, 277-289 (1883). 
2 J. de Chim. Phys., 2, 52-78 (1904). 
3 Phil Trans., A, 182, 43-72 (1890). 
4 Proceed. Ronal Soc., 74, 528-538 (1905). 
$ Ann. d Phys 26. 833-843 (1908). 
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Waidner and Burgess ê deduce a formula “satisfying the 
data both of Crafts and of Jaquerod and Wassmer.” It is 


T 760 = To = 0.058(H — 760). 


Waidner and Burgess’ question the accuracy of the 
determinations of Jaquerod and Wassmer upon the basis of 
the small volume of the bulb of their gas-thermometer, and 
its lack of shielding against the cooling-effect of condensation 
and radiation. 

Crafts does not state in the article quoted by Holborn and 
Henning and by Waidner and Burgess by what means his 
data were acquired. However, in an article published in 
1913, he speaks of having made ‘‘a table of vapor-pressures 
by aid of mercury thermometers.” 8 Since the paper pub- 
lished by Crafts in 1883, containing the data made use of 
by the authors above, deals exclusively with the calibration 
of mercury-in-glass thermometers, it is probable that it is to 
these (mercury-in-glass) data that his 1913 paper refers. It 
would appear, therefore, that all of the formule listed above 
are derived from observations that may be open to question, 
if not to doubt. 

In his 1913 paper,® Crafts gives the following equation 
expressing pressure in terms of temperature: 


P = 62.816 + 2.o509(T — 130) + 0.038169(T — 130)? 
+ 0.0002122(T — 130)? + 0.000001264(T — 130)‘. 


This expression is derived from a series of observations with 
the constant-volume nitrogen thermometer. 

He gives also a table of even values of temperature and 
the corresponding pressures interpolated by means of this 
equation. A calculation by the present author shows these 
figures from 214° to 222° (693.10 mm. to 830.34 mm.) to 
conform to a simple logarithmic formula of the type 


log t = n log p + log a 
6 Bur. Stan. Bull., 7, 1, 4 (1910). 


T Ibid., p. 5. 
8 J. Chim. Phys., 11, 429-477 (1913). 
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with a maximum deviation of .o19° and an average deviation 
of + .002°. (Crafts’ value for the boiling-point under normal 
pressure obtained from the mean of 28 groups of measure- 
ments with the constant-volume nitrogen thermometer (fifty 
separate measurements) is 218.06°. This agrees fairly well 
with the values obtained by Waidner and Burgess? for 
Kahlbaum’s naphthalene, but not so well with those for this 
compound ‘‘once recrystallized.’’) 

The Bureau of Standards, under ‘‘ Other Standard Temper- 
atures” 1° in a circular issued in 1919, connects the boiling- 
point of naphthalene with pressure by the relationship 

C° = 217.96 + 0.058(p — 760). 

The Reichsanstalt has established the naphthalene boiling- 
point as a secondary fixed-point by the following statement: 
‘Along with the preceding fixed-points, by which the legal 
temperature scale is established, the following secondary 
fixed-points in addition can serve for measurements: 

* x % ae x x x * x ae x * * * x 

“Boiling-point of naphthalene, 217.96° + 0.058(p — 760) 
for pressures between p = 750 and 760 mm.” " 
$ * * x % * * a ate x * x xæ * a 


Finck and Wilhelm !? have published the results of a deter- 
mination with the platinum resistance-thermometer of the 
boiling-points of naphthalene at a number of pressures between 
799.44 millimeters and 699.26 millimeters. The work was 
done at the Bureau of Standards where the equipment for 
resistance thermometry is of the highest type. The naph- 
thalene was that supplied by the Bureau for the calibration of 
bomb-calorimeters. It ‘‘was purified by two crystallizations 
from alcohol followed by sublimation in a vacuum.” ® 

Their results they express by the equation: 


tp = 217.95 + 0.2075(tp + 273.1) log (p/760). 
? Bur. Stand. Bull., 7, 1, 2 (1910). 
10 Bur. Stand. Circ., 35, 2 (1919). 
u Ann. d. Phys., 4, 75, 855 (1924). 
2 J. Am. Chem. Soc., 47, 1577 (1925). 
13 Bur. Stand. Circ., 25, 11 (1923). 
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The value, 217.95°, obtained by these investigators for 
the normal boiling-temperature of naphthalene is not far 
from that of the Bureau of Standards and that of the 
Reichsanstalt, and also that of 217.98° + 0.01, obtained by 
Waidner and Burgess * for Kahlbaum’s naphthalene ‘once 
recrystallized.” 

In addition to fitting the formula immediately above, the 
data of Finck and Wilhelm also fit with equal closeness a 
formula which is identical in form with that of the one 
presented below in this paper, and the constants of which are 
very nearly in agreement. However, the exact values of 
these constants are not of importance to this research. 

In order further to test the applicability of the logarithmic 
type of formula, a determination of the boiling-points of 
naphthalene at a number of pressures above and below normal 
pressure was undertaken in this Laboratory. 

The naphthalene used was that supplied by the Bureau of 
Standards for the calibration of bomb calorimeters." 

Boiling was carried out under the conditions set forth in 
the ‘Standardization of the Sulphur Boiling Point,” !6 the 
heater being an electric one. Pressure was regulated by 
means of an assemblage 1 in all essentials identical with that 
therein described, except that a ‘‘meter-prover with water 
seal” was omitted in the majority of readings. (In certain 
readings, as noted, a similar gasometer arrangement was 
attached, but no advantage due to its use was apparent.) 
The different pressures desired were secured by exhausting 
the air in the “trap,” which had a capacity of some eight 
liters, or by pumping up pressure in it. The pressure re- 
mained sufficiently constant for the required readings to be 
made readily. 

Pressure-differences were read on the water-manometer by 
means of a cathetometer accurate to about .o5 millimeter, 
such an instrument being available and convenient. Readings 


4 Bur. Stand. Bull., 7, 1, 2 (1910). 

1$ Bur. Stand. Circ., 25, 11 (1923). 

16 Bur. Stand. Sci. Paper, 339, 183-184. 
17 Ibid., p. 180. 
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were reduced to millimeters of mercury at 0° C., and sea-level 
and 45° latitude. No corrections for difference in height of 
water-meniscus and barometer-cistern were made, a calcu- 
lation having shown the errors due to this to be within the 
experimental error. 

Atmospheric pressures were given either by a Fuess 
barometer, graduated to 0.02 millimeter, which had been 
compared with a Fortin type instrument certified at the 
National Physical Laboratory, Teddington, England, or by 
this latter itself. (It could be read to 0.05 millimeter.) The 
Fortin barometer was encased so as to reduce, as much as 
could be, any difference between the temperature indicated 
by the attached thermometer and that of the mercury. All 
readings were reduced to 0° C. and sea-level and 45° latitude. 

(In connection with the measurement of barometric 
pressures, it should be noted that the “precision” of the 
instrument may give rise to an appearance of accuracy that 
is misleading. Chappuis !8 compared a Fuess barometer with 
his ‘‘normal barometer” and found a maximum deviation of 
0.06 millimeter, and a mean deviation of 0.031 millimeter, 
the probable error being 0.03 millimeter. Day and Sosman !? 
claim their two Fuess barometers to be “correct in their 
absolute value within 0.05 mm.” Ina private communication 
descriptive of a test made upon another Fortin type barometer 
from this Laboratory, the Bureau of Standards mentions 
‘irregularities, brought to light by the intercomparison of a 
number of barometers at the same time, which would indicate 
that + 0.06 millimeter was the accuracy to be expected with 
the best laboratory instruments commonly available for 
pressure determinations. ) 

The thermometer-bridge, made by the Leeds and Northrup 
Company, was of the type designed by Mueller,?° but was 
immersed in oil to a depth such that the dial-switches and 
all other metal fittings in the bridge-circuit were well covered. 


18 P, Chappuis, Extr. du Tome XVI. Travaux Memoires Bur. Int. des 
Poids, Mesures (1914), p. 14. 

19 Day and Sosman, Carnegie Inst. Wash., 157, 22 (1911). 

20 Mueller, Bur. Stan. Sct. Paper, 288, 547 (1916). 
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The surface of the oil was protected from the effects of air- 
currents by a false top. The dial-switches were operated by 
handles at the ends of vertical upward extensions of the usual 
switch-shafts, or axes. These handles extended above the 
false top or cover in such a manner that no breach in the top 
resulted, and yet the cover could be raised or lowered as is 
any hinged lid, without supplementary manipulation. The 
resistance-coils of the higher values were enclosed.” The 
lowest dial gave steps of 0.0001 ohm, corresponding to two 
and a half to three divisions of galvanometer deflection per 
change of one “stud,” with 0.5 milliampere through the 
bridge. (The measuring-current used was from 0.5 to 0.3 
milliampere.) 

The oil was maintained at 25° + .05° by means of a 
thermostatic device which operated an electric heating-coil 
within the oil. Stirring was performed by an electric motor. 
The whole system was shielded as recommended by White,” 
and, in addition, was grounded. (It was found that it was 
essential to connect the case of the stirring-motor into the 
shield.) 

The usual type of commutator ”° for reversing thermometer 
leads was used. 

The bridge was calibrated at the beginning of the 
determinations and at their end, the interval between the 
two calibrations being about one year. All corrections were 
extremely small, the largest, those on the ten ohm series of 
coils, being at the worst well within 0.01 per cent. All 
observations of resistance were corrected before the calcu- 
lation of temperature. 

The three thermometers used in this research were of the 
potential-terminal, ‘‘strain-free’’ design described by Sligh.” 
They were made in this Laboratory, with pyrex sheaths. 
When complete, they were annealed by frequent heating to 


31 Waidner, etc., Bur. Stan. Sci. Paper, 241, 575 (1915). 

22 White, J. Am. Chem. Soc., 36, 2011 (1914). 

23 E. Griffiths, ‘Methods Measuring Temp.,’’ C. Griffin & Co., pp. 49-51 
(1918). 

“T, S. Sligh, Jr., Bur. Stan. Sci. Paper, 407, 53 (1921). 
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dull redness in a wire-wound tube-furnace, and cooling 
to room temperature. They were then calibrated. Ther- 
mometer E.L.-3 was chosen for the temperature-pressure 
work since its leads were so closely adjusted that practically 
no change in bridge-setting was required to restore a balance 
when the commutator was reversed. 

The ice for the ice-point was frozen in block-tin from 
distilled water, in an ice machine. Conductivity determina- 
tions showed the water from the melted ice to be uncon- 
taminated.~ A Dewar flask served as container for the 
finely ground ice moistened with distilled water. 

Water boiling-point resistances were determined in a 
hypsometer in all essentials identical with that described by 
Mueller and Sligh.” 

Sulphur boiling-point resistances were obtained as pre- 
scribed,?’ using sulphur very kindly furnished by the Bureau 
of Standards from its own supply selected for this purpose 
The temperature corresponding to the reduced atmospheric 
pressure was calculated by the formula in the International 
Critical Tables.28 The shields used were of sheet-iron, as 
specified.?® 

Platinum temperatures were converted to centigrade tem- 
peratures by means of a table of even values of “t,” differing 
by 0.1°, and the corresponding values of “pt,” calculated for 
each value of 6 encountered, by means of the classical 
Callendar equation.*® A calculating machine was used for 
mathematical work. | 

Table I contains the characteristics of the thermometers. 
While the 6 value of thermometer E.L.-3 was not redetermined 
just before the high-low pressure runs were made, its ‘‘funda- 
mental interval’’ was determined just prior to these runs, 
and its ice-point just after. No appreciable change was 
evident. 

% Tower, ‘‘Conductivity of Liquids,” Chem. Pub. Co., p. 41 (1905). 

*6 Mueller and Sligh, J. O. S. A., 6, 958 (1922). 

27 Mueller, Bur. Stan. Sct. Paper, 339, 183 (1919). 

23 Int. Crit.: Tables, p. 53 (1926). 


29 Ref. 27. 
æ Ref. 24. 
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TABLE II. 
CALCULATION OF NAPHTHALENE BOILING-TEMPERATURES BY FORMULA 


log tp = 0.20248 log p + 1.755102 (lre = 217.976°). 


b. tpceale.)- tp(obe.)- txops.) — tp(cale.)- 
824.15 221.582° 221.581° — .001° 
824.01 221.575 221.576 + .oo! 
823.74 221.560 221.563 + .003 
800.73 220.293 220.295 + .002 
800.73 220.293 220.297 + .004 
800.69 220.290 220.297 -+ .007 
800.58 220.284 220.293 + .009 
780.81 219.172 219.171 — .OOI 
780.71 219.166 219.164 — .002 
780.67 219.164 219.164 + .0 
767.78 218.427 218.424 — .003 
767.62 218.417 218.421 + .004 
767.56 218.414 218.406 — .008 
765.90 218.318 218.312 — .006 
765.83 218.314 218.319 + .005 
765.81 218.313 218.309 — .004 
765.79 218.312 218.299 — O13 

*758.45 217.887 217.892 + .005 
*758.40 217.884 217.884 + .0 
*758.32 217.879 217.884 + .005 
*757.50 217.831 217.828 — .003 
*757.50 217.831 217.828 — .003 
*757.48 217.830 217.826 — .004 
748.84 217.324 217.327 + .003 
748.72 217.317 217.322 + .005 
748.37 217.297 217.302 + .005 
748.16 217.285 217.290 + .005 
8742.13 216.929 216.926 — .003 
8742.12 216.928 216.932 + .004 
£742.06 216.925 216.923 — .002 
732.79 216.373 216.379 + .006 
732.52 216.357 216.359 + .002 
732.04 216.328 216.328 + .0 
731.19 216.277 216.278 + .OOI 
£726.39 215.989 215.987 — .002 
6726.37 215.987 215.985 — .002 
8725.64 215.944 215.940 — .004 
705.81 214.735 214.732 — .003 
705.43 214.712 214.716 + .004 
705.08 214.690 214.688 — .002 
704.58 214.660 214.658 — .002 
704.15 214.633 214.630 — .003 


In Table II are given the various reduced pressures at 
which temperature determinations were made, the observed 
temperatures corresponding to them, and temperatures calcu- 
lated from the reduced pressures by means of the formula, 


log tp = 0.20248 log p + 1.755102. 
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This formula makes 217.97,° the boiling-point of naphtha- 
lene under normal pressure. 


TABLE III. 


tre9 CALCULATED BY DIFFERENT FORMULÆ. 
Holborn and Henning: tre = tp — 0.0585(p — 760) + 0.000025(p — 760)?. 
Finck and Wilhelm: * tre = tp — 0.2073(tp + 273.1) log (P/760). 
Eppley: log tp = 0.20248 log p + 1.755102. 


Data. 
Naph- 
Date. Thermo. | tha- 
lene. 


Sept. 1925... .| E.F.1.6.7-1| S-8 


Sept. 1925....] E.F.I.7.2-2| S-8 


Sept. 1925....| E.L.-3 S-8 


Aug. 27, 1926.| E.L.-3 S-8 


Sept. I, 1926. .| E.L.-3 S-9 


Mean of all 


Holborn 


p. tplobs.) . and 
Henning. 


SS ES y EE À eaa G mm |) ema G e A e 


759-84|217.963| 217° 


760.06|217.976| 217 


.972 
.972 
760.10] 217.978] 217 . 
762.11/218.092| 217 . 
762.17|218.092] 217 . 
762.23|/218.096] 217 . 


b760(eale.)- 


Finck 
and 
Wilhelm. 


762.69] 218.133] 217 . 


762.69)218.134] 217 . 
762.73]218.136] 217 . 
762.77|218.139] 217 . 
762.77|218.140] 217 . 
762.81/218.142] 217 . 


Eppley. 


217° 


217 


972 
972 


758.53|/217.878) 217 . 

758.58) 217.882] 217 . 
758.58) 217.882| 217 . 
760.51|218.000] 217 . 
760.56]218.004] 217 . 
760.58|218.005] 217 . 


ee f) cee | eee feo 


757-50] 217.828] 217 . 
757-50/ 217.828] 217 . 
757-48|217.826] 217 . 


758.45|/217.892] 217 . 
758.40] 217.884] 217 . 
758.32/217.884] 217 . 


217 


.9778| 217 .976s 
217°.973 | 217°.973 | 217°.973 


B.P. of “B. of S.” Naphthalene = 217.973° + 0.001. 


217. 


*Constant A = (0.2073) has been modified according to personal com- 
munication from Dr. E. F. Mueller, Aug. 4, 1926. 
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Readings marked with an asterisk were made under atmos- 
pheric pressure. Those marked with a “g” were made about 
one year before the others, with a water-sealed gasometer to 
vary the pressure or to maintain it constant. 

In Table III are gathered the determinations of the 
boiling-points of this “Bureau of Standards” naphthalene 
made under the several atmospheric pressures listed, with 
three different thermometers. There are given also the 
boiling-points corresponding to these pressures calculated for 
normal pressure by the formulas of Holborn and Henning,” 
Finck and Wilhelm,®? and the logarithmic formula above, 
respectively. (With the logarithmic formula, the boiling- 
point for the corrected pressure first was calculated. Then the 
difference between this value and the value for the boiling- 
point under normal pressure given by the formula, namely 
217.976°, was found. Finally this difference was added to or 
subtracted from the corresponding observed boiling-point.) 

The boiling-point of the sample of naphthalene used, 
under normal pressure, on the basis of these figures, is 
217.973, + 0.001. 

TABLE IV. 


DETERMINATIONS OF NAPHTHALENE BOILING-POINT WITH 
RESISTANCE THERMOMETER. 


ee ee) Se 


1905 | Travers and Gwyer * 218.04° 
1910 | Waidner and Burgess® | 217.98 


444 1.5 

444 1.503 (Aver.)| 217.96 
IQII Holborn and Henning * | 217.96 | 444. 

444 

444 


1.490 (Aver.)| 217.97 


1925 | Finck and Wilhelm *” 217.95 6 {1.493 
.6 1.502 (Aver.)| 217.97 


1926 | Eppley 217.97 
Mean 217.98° 


3 Holborn and Henning, Ann. d. Physik, 4, 26, 865 (1908). 

2 Finck and Wilhelm, J. Am. Chem. Soc., 47, 1577 (1925). 

“ Ref. 4. 

% Ref. 6. 

% “Handbuch d. Physik,” Vol. IX, p. 597 (J. Springer, Berlin, 1926). 
37 Ref. 12. 
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It becomes interesting, therefore, to compare this value 
with those obtained in published determinations with the 
platinum resistance thermometer. Table IV gives these, one 
only (by Callendar and Griffiths *) being omitted, because 
of the high 6 value of the wire used. 

The unweighted mean of these values is 217.98° with 
which both the value 217.973°, found by experiment for the 
boiling-point at normal pressure, and the value 217.976, 
given for normal pressure by the logarithmic formula, are in 
good agreement. 

SUMMARY. 

A formula is derived by which a number of boiling-points 
of ‘Bureau of Standards” naphthalene between 824 and 704 
millimeters of mercury are calculated with a maximum 
deviation of 0.013°, and an average deviation of 0.004°, from 
those determined experimentally. 

The boiling-points of ‘ Bureau of Standards” naphthalene 
in the neighborhood of p = 760 millimeters of mercury, 
determined with three platinum-resistance thermometers, are 
calculated to normal pressure by the formule of Holborn and 
Henning, Finck and Wilhelm, and the author’s logarithmic 
formula above. 

The mean of the values in each case is found to be 217.973°, 
with a mean error of the mean of + .001° in the value calcu- 
lated by the logarithmic formula. 

This figure (217.973) is in good agreement with 217.98°, 
the average of five determinations of the naphthalene boiling- 
point with the platinum-resistance thermometer—four earlier 
determinations and the present one. 

The value 217.973° is also in good agreement with that of 
217.976, given by the logarithmic formula for p = 760 
millimeters of mercury. 


33 Callendar and Griffiths, Phil. Trans. Roy. Soc. Lon., A, 182, 119-157 
(1891). 


ECONOMIC ASPECTS OF ENGINEERING APPLICA- 
TIONS OF STATISTICAL METHODS. 
W. A. SHEWHART, Ph.D. 
Bell Telephone Laboratories, Inc. 


OBJECT. 


HERE and there in the engineering literature) of recent 
years we may find an occasional reference to the application 
of statistical methods to particular engineering problems. 
Furthermore the necessity for estimating the probable errors 
of experimentally determined results has been accepted in 
general by the engineering profession. 

This note calls attention to some additional applications 
of modern mathematical statistical theory, to research, design, 
production, inspection, supply and other engineering problems. 
Attention is given to certain general types of problems in 
the solution of which statistical applications have been made, 
and to the nature of the possible economies effected thereby. 
It is reasonable to believe that very definite economic ad- 
vantages can be obtained in any large industry through such 
applications. 

ECONOMIC CONSIDERATIONS. 

In the application of statistics, as in the application of 
scientific laws in general, it is often very difficult to form 
even an approximate estimate of the magnitude of the 
resulting economic advantages and hence no effort will be 
made to give specific figures. 

Some very important problems call for statistical solutions. 
One general type is the estimation of safety factors to allow 
for the happening of the unexpected. The failure of a piece 
of apparatus may involve, in addition to great financial loss, 
a serious injury or even death to one or more individuals. 
Telephone engineering illustrations could be mentioned but 
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we shall consider a problem arising outside this field, because 
it has already been discussed in the literature. 

The civil engineer often must build levees or dams to 
take care of exceptional rainfall. Customarily he must make 
his estimate of the limiting flood height upon the basis of a 
few yearly records of the yearly run-off of the given area. 
Too low an estimate may result in a destructive flood. Of 
course this gives rise to a difficult problem in the solution of 
which modern statistical theory may prove to be a helpful 
tool.? 

Another general problem is that of setting engineering 
standards, where, as is often the case, the underlying experi- 
mental data may show considerable dispersion. For example, 
the strength of a given kind of telephone pole is a function of 
its modulus of rupture. If we use standard methods and 
measure the modulus of rupture of each of a number of poles 
which appear to form a homogeneous group, we must expect 
to find even wide differences between the observed values 
because there are many factors influencing the modulus of 
rupture not easily discernible or at least not easily measurable 
and controllable. Indications are, however, that these causal 
factors approximate a constant system of chance causes, and 
hence that probability theory is applicable. 

Assume that these differences in observed values of 
modulus of rupture for the different poles can be sufficiently 
well characterized by two parameters; viz., the average and 
the standard deviation. It is of great economic importance 
to obtain the best possible estimates of the expected values of 
these two factors as we shall now see. 

If the average taken as standard happens to be in excess 
of the expected modulus, serious losses may be incurred 
through breaking of telephone poles under storm conditions; 
on the other hand, if the chosen standard happens to be below 
the expected value, losses estimated in hundreds of thousands 
of dollars are incurred through wholesale removal of telephone 
poles a number of years before such removal is actually 


2 Goodrich, R. W., “Straight Line Plotting of Skew Frequency Data,” 
Trans. of Amer. Soc. of Civil Eng., pp. 50-54, paper No. 1622, 1927. 
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necessary. Modern statistical methods assist an engineer in 
forming the best estimate of such standards in terms of the 
observed data, by making it possible for him to allow for 
sample size, to correct for error of measurement and to insure 
a homogeneous sample upon which to base his estimates. 


APPLICATIONS TO RESEARCH, DEVELOPMENT AND DESIGN. 


The results of research are almost always expressed in 
terms of averages and errors of averages, but engineering 
methods of calculating such errors have not kept pace with 
the rapid development in statistical theory. Particularly in 
cases of small numbers of measurements, errors calculated by 
the customary methods are much too small. In fact our 
best estimates may be 100 per cent. or 200 per cent. higher 
than those customarily used. 

Even on general principles it goes without saying that, if 
it is worth while making an estimate of an error, it is worth 
while doing it to the best of our ability. Nothing short of the 
best estimates can satisfy the modern research engineer, 
particularly since these do not involve any additional labor. 
However, in certain classes of cases the economic importance 
of attaining the best estimate of an error can be easily 
illustrated. One such is the determination of the significance 
of observed differences in the measurements of the physical 
properties of two kinds of materials or in the qualities of 
operation of two experimental models of a given kind of 
apparatus. A specific instance would be that of comparing 
the electrical characteristics of two contact alloys, one the 
standard now in use and another a much cheaper material. 
In such instances we have two sets of experimental data 
corresponding to either the two kinds of material or the two 
kinds of model. We must determine if the observed differ- 
ences between the two sets are reasonably attributable to 
chance. If they are and if we must select one or the other 
upon the basis of the available data without further experi- 
mentation, then we are free to choose the most economical 
material or design, even though the observed quality of the 
cheaper material is not quite up to standard. | 
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Another application arises in building up any kind of 
apparatus out of a large number of piece-parts. To secure the 
economies of wholesale production, piece-parts are customarily 
manufactured in large quantities. It is a well-recognized fact, 
however, that the piece-parts of any particular kind are not 
identical one with the other and that the quality of operation 
of any assembled piece of apparatus is a function of the 
qualities of its piece-parts. To assure that a particular piece 
of apparatus will function within prescribed limits when it is 
built up of piece-parts selected at random, it is therefore 
necessary to control the probability distributions of each of 
the parts so that the resultant chance variation in the quality 
of the assembled unit will fall within the prescribed limits 
with a given degree of assurance. 

Modern statistical theory shows the cost of reducing the 
overall chance fluctuation by modifying the chance fluctuation 
in a given part. Hence it insures an economic distribution of 
effort in controlling the chance variations of the various 
piece-parts entering into the system. 

To take another very simple design problem, suppose you 
are building a rack to support a load consisting of the com- 
bined weights of different pieces of apparatus. Assume that 
past experience is available to estimate the average and the 
standard deviation in the weights of each of the kinds of 
apparatus. One very customary method of design in such 
instances is to allow for the maximum load plus a certain 
safety factor where the maximum load is taken as a sum of 
the maximum weights that have ever been observed. Of 
course the chance of obtaining this maximum load is negligibly 
small, and there is little engineering justification for designing 
for such a condition because the assurance attained in this 
instance is out of all proportion usually to the assurance 
attained at other points in the system. To take a simple 
case where the standard deviations in all the weights are 
equal, the satisfactory maximum load is such that the amount 
added to allow for the dispersions in the separate weights 
need be only 1/7 times as large as that given by the cus- 
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tomary method considered here. In other words the method 
often used gives yn times the necessary addition in strength 
with its associated cost. | 

Another very general type of problem often arises when 
we have an observed frequency distribution of some physical 
quantity and wish to determine the probability that such a 
distribution could have arisen as a sample from a homo- 
geneous constant system of causes. Thus in setting the 
standard modulus of rupture of a given kind of telephone 
pole already referred to, we should use only homogeneous 
data to obtain the estimate of this standard. Naturally the 
Chi Square and other tests for goodness of fit give us a check 
for homogeneity. Instances are at hand’ where the Chi 
Square test gave indications of lack of homogeneity not 
otherwise detected. 

Perhaps one of the most general and at the same time 
most difficult problems is to estimate the degree of dependence 
of a property of some material or of a piece of apparatus 
upon some one of its physical characteristics. For example 
it is known that the moisture content of telephone poles 
affects their modulus of rupture. Indeed a very definite 
relationship can be established between moisture content and 
modulus of rupture of small sawn pieces of timber. However, 
to determine such a relationship for poles is difficult because 
-we cannot control all factors other than moisture content. 
The effects of these uncontrolled factors mask that of moisture 
content so that the degree of relationship between modulus 
of rupture and moisture content for telephone poles is a 
problem involving the theory of correlation. Examples of 
this character could be multiplied in all fields of engineering 
work and particularly in the field of telephony. 


APPLICATIONS TO PRODUCTION, INSPECTION AND SUPPLY. 


Inspection engineering has two objects: to protect the 
consumer and to effect economies in the method of production. 
To see how these two objects are attained it is of interest to 
consider briefly some of the details of the manufacturing 
problem. The telephone instrument, which is so familiar to 
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everyone, is not so simple as it looks. To make it requires 
201 parts and to connect it to another instrument requires 
approximately 110,000 more parts. The annual production 
of most of these parts runs into the millions, so that the total 
annual production of parts runs into the billions. 

Twenty or more raw materials such as gold, platinum, 
silver, copper, tin, lead, wool, rubber, silk and so forth, 
literally collected from the four corners of the earth, are used 
in the manufacturing process to produce this great quantity 
of piece-parts. The 100 per cent. inspection given all tele- 
phone equipment at the time of installation attains the first 
object—the protection of the consumer. It is, as it were, 
the consumer’s watch-dog. Modern applications of statistical 
theory to inspection, however, have to do with the second 
object, the economic phases of which can best be divided into 
five parts: 


1. To determine, for each step in the process inspection, the 
economic percentage rejection or tolerance for de- 
fectives. 

2. To reject defective material at such points in the chain 
of production as will make the net cost of rejection 
a minimum. 

3. To determine for each step the minimum amount of 
inspection which will suffice to give economic control 


of quality. In other words, to introduce sampling’ 


inspection wherever possible. 

4. To detect lack of control of quality or trends and erratic 
fluctuations. 

5. To assist in finding the causes of these trends and to 
assist in their control wherever necessary. 


Some of the statistical problems incidental to carrying on 
this work are discussed in publications from these Labora- 
tories. Through application of statistical theory to date, a 
very appreciable percentage reduction in the cost of inspection 


3 “Quality of Telephone Materials,” Jones, R. L., Bell Telephone Quarterly, 
Vol. VI, pp. 32-46, January, 1927. 
Other references given at the end of this paper. 
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has been attained. The estimated annual savings to the 
Bell System accruing from carrying out the third object 
alone more than justifies all of the attention that has been 
given to such studies. 

In production engineering where there are, in general, 
large quantities of data to be analyzed, even the choice of the 
method of analysis to be used may lead to appreciable savings 
through reduction of the number of observations required. A 
typical case. is that where the estimate of the standard 
deviation may be obtained by either the root mean square 
or mean error method. Because of the greater efficiency of 
the root mean square method, fewer observations are required 
to obtain a certain degree of precision with this method than 
with the other one and annual savings effected in this manner 
may run into the thousands of dollars for a single kind of 
apparatus. ) 

We shall close with a supply problem. Telephone poles 
are supplied to the trade in a comparatively large number 
of classes to meet the various needs. To be specific, let 
N be the expected number of poles per acre, m be the 
number of sub-classes of poles defined in the specifications, 
pi N, PIN, «+--+, Pn N the estimated expectancies of poles per 
sub-class per acre, ~:M, p.M, ---, pmM the estimated 
expectancies of poles supplied to the trade per sub-class upon 
the basis of past experience, X, be the total expected cost 
of poles if pM, po’ M, ---, pm’ M of each class are used and 
let X, be the total cost if pıM, pM, ---, baM of each class 
are used, where M is the total number of poles used per year. 
Can we effect an appreciable annual saving by taking all 
possible steps to make p,’ = p; fort = 1, 2, ---, m? 

Of course the two sets of estimated expectancies are sub- 
ject to sampling errors and hence the observed differences 
between the two sets may or may not be attributable to 
chance. If they are, it would be useless to try to effect a 
savings in the way just indicated. On the other hand, if 
some test such as Chi Square indicates a significant difference 
between these two sets, then an attempt may be made to 
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secure the economies accruing from making p; = p; for 
t= 1,2, -°', M. 

In one such study preliminary results indicate that an 
annual saving running into thousands of dollars may be 
made possible by securing a consumption of poles more 
nearly consistent with the expected frequency distribution 
into sub-classes as given by nature. 


SOME GENERAL REMARKS. 


We might continue at great length to formulate particular 
applications or even classes of applications of statistical theory 
to engineering problems. It is hoped that enough has been 
said, however, to give the statistically trained reader a glimpse 
of possible applications in a comparatively new field and to 
indicate to business men who may read this note the nature of 
economies that it should be possible to effect through such 
applications. Nevertheless we must consider a word of 
warning and a few generalizations. 

There are many engineers who discredit almost entirely 
any results or conclusions derived through statistical in- 
terpretation. They often say, “ You can prove anything by 
statistics.” But this comment was well answered recently 
by the English statistician Yule‘ who said, while commenting 
on this remark, ‘“‘‘ You can prove anything by statistics’ is a 
common gibe. Its contrary is more nearly true—you can 
never prove anything by statistics.” It is probable that 
much of the criticism of the applicability of statistical methods 
in various fields may be attributable to misconceptions of 
the import of modern statistical theory developed at the 
hands of such men as Laplace, Gram, Charlier, Thiele, 
Tchuproff, Markoff, Pearson, Edgeworth and others. True 
it is that the zeal of the applied statistician may at times 
carry him beyond the barrier of limitations so carefully set 
up by the above group of men and their followers. Such a 


4**The Function of Statistical Method in Scientific Investigation,” Yule, 
G. U., published by the Industrial Fatigue Research Board, Report 28, London, 
1925. 
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statistician may derive conclusions which are not consistent 
with what would even be termed common sense. In this 
connection the engineer statistician may profit materially by 
reading two popular addresses by Professor E. B. Wilson,® 
one of which he closes in the following way: ‘‘and as the use 
of the statistical method spreads we must and shall appreciate 
the fact that it, like other methods, is not a substitute for 
but a humble aid to the formation of scientific judgment. 
Only with this philosophy in mind may we truly hope, with 
care, to avoid, in the main, being classed in the superlative 
category of that oft-cited sequence of liars, damned liars and 
statisticians!” 

From a statistician’s viewpoint, all engineering data may 
be considered as a sample. The engineer and man of business 
have for several years been making applications of statistical 
methods for representing these data. In fact it is this phase 
of the subject which up to the present time has received 
practically all the consideration in textbooks on the applica- 
tion of statistics to industry. It will be noted, however, that 
the problems raised in this paper are of a different nature and 
have to do with making use of data constituting past ex- 
perience in guiding future engineering activities. All of these 
problems call for sampling theory and thus throw open an 
almost uncharted field of application. It is the interpretation 
of causal relationships underlying sampling theory that 
appeals to the engineer who himself believes, as did Thiele, 
that “Everything that exists and everything that happens is 
a consequence of a previous state of things.” ° 
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Magnesite Industry of India. K. R. NATARAJAN (Ind. 
Eng. Chem., News Ed., 1928, 6, no. 2, 8) gives a concise 
summary of the magnesite industry of British India. The 
largest of the deposits occur near Salem in south India, are 
known as chalk hills, and have been worked for over thirty 
years. The raw ore is calcined in kilns. Caustic magnesite 
is produced at a temperature of 800° C., dead or burnt 
magnesia at a temperature of 1500° C. Over ninety per cent. 
of the product is exported, chiefly to the United Kingdom, 
United States, and Belgium, also to France, the Netherlands, 
Germany, Italy, Japan, and other countries. The average 
mass exported yearly was 607,000 tons prior to the war, and 
has been 648,000 tons since the war; the average during the 
war was 474,000 tons. Caustic magnesite and magnesium 
chloride are used in cement. Burnt magnesite is used as a 
refractory and in pipe coverings. Magnesia is applied in 
numerous industries, such as the manufacture of paper, 
paints, dynamite, toilet preparations, metallic magnesium, 
magnesium salts, glass, porcelain, and rubber, in wood preser- 
vation, and in water purification. J. S. 


Divining Rod. W. J. LEwis ABBOTT (Science Progress, 
1928, 22, 483—486) describes his experience, covering a period 
of more than 35 years, with dowsers or diviners, who use a rod, 
usually of hazel, to locate underground waters as a preliminary 
to sinking a well. Abbott writes of the diviner:—“I can 
safely say that I never knew of a single case in which he located 
water in a place that would have surprised a hydrologist: on 
the other hand, in almost every case he has been hopelessly 
wrong, and has often plunged the dupe into useless and great 
expense.” The diviner is guided by surface features, and is 
ignorant of geology. 


New Natural Vanadates. WILLIAM F. FOSHAG and FRANK 
L. Hess (Proc. U. S. Nat. Museum, 1927, 72, Article 11, I-12) 
describe two new natural vanadates of calcium, which they 
have named rossite and metarossite. They are simple 
hydrous calcium vanadates, the respective formulae being 
CaO.V.0;.4H.O for rossite, and CaO. V,0;.2H2O for meta- 
rossite. Both are soluble in water; and metarossite is a 
dehydration product of rossite. The new minerals occur in 
Bull Pen Canyon, San Miguel County, Colorado, in sandstone 
which also contains carnotite. . S. H. 


NOTES FROM THE U. S. BUREAU OF STANDARDS.* 


INTERNATIONAL COMPARISON OF RADIO FREQUENCY 
STANDARDS. 


THE increase in power of many United States and foreign 
radio stations, making them international in their effects, has 
raised the question as to whether or not the national standards 
of radio frequency of the various governments are in agree- 
ment. Since 1924, the bureau has made several comparisons 
of frequency standards with the national laboratories of 
England, France, Italy, Germany, Canada, and Japan. These 
showed satisfactory agreement to the accuracy then required. 

During the past year, however, it has become important 
to know much more accurately the agreement of the standards 
of the different nations. The development of the temperature- 
controlled piezo oscillator offered a means of attaining this. 
Accordingly, during the summer of 1927 the chief of the 
bureau’s radio section, took to Europe such a piezo oscillator 
containing two quartz plates which were carefully calibrated 
according to the United States standards. The piezo oscil- 
lator was so constructed that the conditions of operation (tube 
voltages, temperature, etc.) could be very accurately re- 
produced at any place. Measurements were made on these 
piezo oscillators at the National Physical Laboratory, Eng- 
land; Military Telegraph Laboratory, France; Italian Naval 
Laboratory, Italy; and the National Physical & Technical 
Laboratory, Germany; where the national standards of the 
respective countries are maintained. 

The differences between the measurements made at the 
various laboratories were very small, the average departures 
from the mean being 3 parts in 100,000. This agreement is 
surprisingly good. It represents an average difference of only 
0.03 kilocycle at 1000 kilocycles (300 meters). This is much 
smaller, for instance, than the variation, 0.5 kilocycle, allowed 

* Communicated by the Director. 
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broadcasting stations in this country. In other words, so far 
as the United States and these four countries are concerned 
the national standards of frequency agree sufficiently well to 
insure against interference, provided the transmitting stations 
are accurately adjusted according to their national standards. 


TESTING AND ADJUSTING PIEZO OSCILLATORS. 


BY ORDER of the Federal Radio Commission, broadcast 
stations are required to maintain their frequency within 500 
cycles (0.5 kilocycle) of their assigned value. To maintain 
this accuracy of adjustment it is necessary to have special 
apparatus for checking the frequency of the transmitting set. 
The only satisfactory devices at present available for this are 
piezo oscillators, piezo resonators, and automatic piezo control. 
A piezo oscillator using a quartz plate is a very satisfactory 
device and can be purchased commercially. Specifications 
for a portable piezo oscillator are given in Bureau of Standards 
Letter Circular 186. The piezo oscillator described in these 
specifications does not provide for maintaining the quartz 
plate at constant temperature, which is desirable for the 
highest accuracy. These specifications do not include di- 
rections for cutting and grinding the quartz plate. A suitable 
plate can be obtained commercially. Letter Circular 223 
describes the use of piezo oscillators in radio broadcasting 
stations. (Copies of these Letter Circulars may be obtained 
by persons having actual use for them, by addressing the 
Bureau of Standards, Washington, D. C.) 

When a piezo oscillator used as a standard to aid in 
maintaining the frequency of a station is tested by the Bureau 
of Standards, there are certain conditions which must be 
fulflled. The bureau will undertake a test of a piezo oscillator 
only upon written request of the owner or operator of the 
transmitting station in which the piezo oscillator is to be used. 
This request must contain the following information: 


(a) Name of the owner of the station where the piezo 
oscillator is to be used. 
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(b) Location and call letters of the station. 
(c) Licensed frequency of the station. 
(d) Type of piezo oscillator and quartz plate used. 


There is just at present an exceptional demand for radio tests 
of this kind which is greatly in excess of the capacity of the 
bureau for immediate service. For this reason it has been 
necessary to schedule pending tests and to notify each appli- 
cant for test of the approximate date the test will be made. 
Tests already scheduled will require about two months to 
complete. Every effort is being made to give much quicker 
service, consistent with accuracy, after that time. 

Assignment of a date for test will be made only upon 
receipt of the written request from the owner or operator of 
the station giving the required information. The apparatus 
may be shipped at the time the test is requested, or later in 
time to reach the bureau a few days before the assigned date. 
The test requires not less than two days to complete. It is 
necessary that the entire piezo oscillator except tubes and 
batteries be sent to the bureau. The type of tubes and the 
voltages should be specified in the letter requesting test. 

The quartz plate must have a frequency not more than I 
per cent. below the licensed frequency. If it has a frequency 
higher than the licensed frequency it cannot be adjusted by 
grinding. The fee for adjustment of quartz plates with 
mechanical means for adjustment is $12.00. The fee for 
quartz plates which are not provided with a mechanical means 
for adjustment and which must therefore be adjusted by 
grinding is $20. In case it is desired to maintain the quartz 
plate at a constant controlled temperature higher than room 
temperature the work involved in the test is much greater. 
The fees for such tests are $25 and $50, depending on the type 
of adjustment required. 


LARGE DISK OF OPTICAL GLASS COMPLETED. 


ON JANUARY 21 the mold containing the large disk of 
optical glass, cast by the Bureau of Standards on May 7, 1927, 
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was opened and the glass found to be very good. It appears 
to be quite uniform throughout and although it contains some 
seeds and striae, these will not affect its value as a telescope 
mirror. 

The cover was removed in the presence of several dis- 
tinguished scientists, including Dr. S. W. Stratton, President 
of Massachusetts Institute of Technology, Mr. W. R. Warner 
of the firm of Warner and Swasey, internationally known 
telescope makers, and Dr. George K. Burgess, Director of the 
Bureau of Standards. 

The disk which is about 69 inches in diameter, 11 inches 
thick and weighs 3500 pounds, will be used as a great concave 
mirror for the new reflecting telescope of the Perkins Ob- 
servatory at Ohio Wesleyan University, Delaware, Ohio. 

The money with which to establish this Observatory was 
left to the University by Professor Hiram Mills Perkins of 
Ohio Wesleyan, who during fifty years of hard work through 
most rigid economy and sound investment had been able to 
amass a small fortune, nearly a quarter of a million dollars. 
It was his desire to establish an observatory of the first rank 
at the University and that the entire equipment be of Ameri- 
can manufacture. The mounting of the telescope was con- 
structed by the famous American telescope makers, Warner 
and Swasey of Cleveland, Ohio, but difficulty was experienced 
in getting any bids on the mirror from American glass manu- 
facturers. In particular, no one was willing to state, even 
approximately, when the disk could be completed. Finally 
the director of the Observatory, Dr. Clifford C. Crump, called 
upon the Department of Commerce for assistance. Although 
the Bureau of Standards has been making optical glass since 
1914, no task approaching the magnitude of the present one 
had ever been attempted. 

After four unsuccessful attempts to obtain a disk of the 
size required, a unique method was developed by the bureau's 
glass section. 1000 pounds of cullet (broken glass of the same 
composition as the glass to be made) and 4600 pounds of sand 
and chemicals were melted in a single large pot in a gas-fired 
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furnace. The percentage composition of the ingredients used 
was as follows: 


San eae A sa A E 49.90 per cent. 
Bone acido eisern a E Deke es 4.40 “ “ 
Borak eretan nea A e eno eae 17.55 “ “ 
Soda aS herrri irr thease s Brees aes 5.69 “ “ 
POtashtaesi cocaine wae eae ts 11.97 “ “ 
Barium carbonate. ............ 00 eee eee eee 1.86 “ ‘ 
Salt peter ec5 io foes eye tinea ea oe 6.57 “ “ 
Zinc OXNUE ose. 65 556 Kbit BORE Pee eae 1.86 “ “ 
ATENG, preian re yee REA Eaa 0.30 “ 


The molten glass was stirred by hand for six hours and at the 
proper time on May 7, 1927 the pot was tapped. The glass 
flowed into a mold of the required size which was specially 
designed for this purpose by the bureau. The mold was at the 
same time a carefully insulated annealing furnace, provided 
with electrical heating elements by means of which the 
temperature could be adjusted and controlled to within a 
degree. 

The temperature of the glass when poured was about 
1350° C. For one week the temperature was slowly lowered 
until it reached 600° C. The glass was held at this point for 
about four days to allow the temperature of the glass and 
furnace to become uniform throughout. At 600° C. this © 
particular kind of glass (borosilicate crown) is quite rigid and 
yet sufficiently viscous to yield to cooling stresses without 
danger of cracking. 

Beginning on May 18 the glass was allowed to cool slowly 
at an average rate of 23° C. per day till 460° C. was reached. 
It was then annealed at this temperature for six weeks during 
which time no variation greater than 1° C. was permitted. 
Final cooling was started on August 30 and room temperature 
was attained on January 16. The furnace was opened on 
January 21, and the disk was found to be of excellent quality. 

The experience gained for the bureau’s scientific staff will 
be of inestimable advantage, not only to the bureau, but to any 
American glass makers who may wish to profit by the data 
obtained, which the bureau hopes to publish in the near future. 
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ULTRA-VIOLET TRANSMISSION OF GLASSES AND GLASS 
SUBSTITUTES. 

THE number of inquiries which the bureau has received 
concerning the ultra-violet transmission of glasses and glass 
substitutes appears to justify the reprinting of the latest 
(third) edition of Letter Circular No. 235 on this subject in the 
Technical News Bulletin. The text of this letter circular is as 
follows: 

This letter circular is issued in response to numerous 
inquiries for information on the transmissive properties of new 
glasses and organic substitutes for window glass for use in 
solariums, sun parlors, schools, homes, office buildings, animal 
houses, and green houses. 

The visible rays of light are comprised between the 
approximate wave-lengths of 760 millimicrons in the red and 
400 millimicrons in the violet. Wave-lengths longer than 760 
millimicrons are called infra-red, and those shorter than 400 
millimicrons, ultra-violet. Though the average eye is not 
sensitive to wave-lengths shorter than 400 millimicrons such 
rays actually exist in the light of the sun, extending down toa 
wave-length a little more or a little less than 300 millimicrons, 
depending on the time of day, season of year, latitude, altitude 
` and clearness of atmosphere. 

Since ordinary window glass shuts out the ultra-violet rays 
below about 310 millimicrons, much attention has been given 
of late to the production of special glasses, transparent to the 
shortest wave-lengths which the atmosphere permits the sun 
to furnish us. This letter circular gives the results of ultra- 
violet transmission tests which have been made at the Bureau 
of Standards upon a number of such special glasses and 
common window glass. 

Total transmission of various glasses for those ultra-violet 
solar rays to which common window glass 1s opaque.—Using a 
filter method, direct measurements, with sunlight as source, — 
have been made during the noon hours of especially clear days 
from April to December, 1927. 

These measurements covered the solar spectral region to 
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which common window glass is opaque (below about 310 
millimicrons). Table 1 gives for that region the total trans- 
mission found for the following specimens: 


TABLE I. 


Total Transmissions of Vartous Glasses, when New, for the Ultra- Violet Solar Rays 
to which Common Window Glass is Opaque. 


Per Cent. 
Trade Name. Transmission. 
Pused Quart Zn cso 3 ve ida ea eed eet wees 92 
COR erroia AE EEEE EATERS 92 
Helioglass (Vioray!)...........0. cee eens 50 
Witag lass ei tae ae EO het 50 
Cel-o-glass?. o Gea waewed Meneuawee ese ets 20 
OUartZ-lit@s onerare skeet heen tae 5 
F lexoglass Tes 0- 65 <8 eo dtene doses ee eaee ewes I 
Common Window Glass................00: Oto § 


Spectral Transmissions of Various Glasses for the Ultra- 
Violet Rays.—A second and more reliable method of measuring 
the relative transparency of a specimen of glass to ultra-violet 
light is to determine its spectral transmission curve, wave- 
length by wave-length. Curves of this description are shown 
in the accompanying illustration.2 These curves were ob- 
tained by means of an artificial source of light (quartz mercury 
arc) giving a line spectrum richer in ultra-violet than the solar 
spectrum. 

By means of these spectral transmission curves an estimate 
of the relative transmissions of the various specimens for rays 
shut out by common window glass, may be obtained by 
reading from the curves the values of the transmission at 302 
millimicrons—the wave-length of an intense mercury line, of 
convenient value for making such tests. Table 2 gives 
transmission values for this wave-length. These are our most 
recent findings for new specimens. 


1 Vioray is the foreign trade name for Helioglass. 

2 This consists of a fine wire screen whose interstices are covered with cellulose 
acetate. 

* This is a loosely woven fabric usually covered with paraffin. 

$ The chart accompanying the Letter Circular is necessarily omitted. 
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TABLE 2. 
Per Cent. Transmission of Various Glasses at 302 Millimicrons, when new. 


Number Average Average Per Cent. 
Trade Name. of Samples Thickness. Transmission at 
Tested. 302 Millimicrons. 
Fused quartz............ I 4.7 mm 92 
OLX ihe Ss cers TT 4 2.8 89 
Helioglass............... 15 2.3 56 
Vitaglass:.c405.0) e200 S465 15 2.5 44 
Cel-o-glass.............. 5 .I (about) 30 
RERA aloes ee CEPEK a 16 1.9 0.5 
ommon Window Glass. . . 14 3.3 0.0 


Solarizatton.—Helioglass, Vitaglass and Cel-o-glass have 
been found to decrease in transmission at 302 millimicrons and 
neighboring wave-lengths (295 to 310 millimicrons) by ex- 
posure to ultra-violet radiation from the sun, quartz mercury 
arc, and carbon arc. The rate of change is much more rapid 
with the arc than with the sun and varies also with the 
different glasses. 

Vitaglass has been on the market the longest, hence 
concerning this glass we are able to give the most information 
on solarization. A sample which had been in a hospital 
window in Rhode Island for a year was found to have a 
transmission of 25 per cent. at 302 millimicrons (for thickness 
= 2.3 mm.). Further exposure to the quartz mercury arc 
reduced the transmission but little, showing that solarization 
was complete. 

Exposure in Washington of a sample (¢ = 2.35 mm.) of 
Vitaglass directly to the sun for 123 hours (between 9 A.M. 
and 3 P.M. during June, July, and August) decreased the 
transmission from 47 to 35 per cent. Our tests show that the 
greatest decrease in transmission occurs during the first few 
weeks’ exposure. The average transmission of Vitaglass at 302 
millimicrons after complete degeneration by the mercury arc 
is about 25 per cent. for a thickness of 2.3 mm. 

Helioglass has not been on the market for a sufficient length 
of time to obtain a complete solarization test. Two samples 
each of Helioglass and Vitaglass, exposed simultaneously to 
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the sun in October to December, were found to have decreased 
in transmission about the same rate. The average trans- 
mission of Helioglass at 302 millimicrons, after complete 
degeneration by the mercury arc is about 30 per cent. for a 
thickness of 2.3 mm. 

Corex glass appears to undergo no appreciable change in 
transmission when exposed to solar radiation. For example, 
a sample of cathedral finish Corex which had been in a green- 
house roof in New York for 14 months was found to have, as 
nearly as could be measured on that kind of surface, the same 
transmission as a new sample. It was then polished plane and 
found to have a transmission of 89.5 per cent. at 302 milli- 
microns, while the average transmission for new samples as 
given in Table 2 is 89. 

On the other hand exposure to a quartz mercury arc causes 
very marked decrease in the transmission. 

Cel-o-glass (cellulose acetate) becomes opaque at 302 milli- 
microns, and shorter wave-lengths, after 25 hours’ exposure to 
the quartz mercury arc. A sample that was exposed to the 
sun for 400 hours during the months of April to October, 
decreased but little in transparency at 302 millimicrons. On 
the other hand, samples that transmitted 30 per cent. at 302 
millimicrons, when new, transmitted only 5 to 10 per cent. at 
this wave-length after being exposed on the side of a building 
continuously day and night for 8 months, April to December, 
showing that the change in transparency may be owing to the 
varying conditions of the weather. 

Quartz-lite is not appreciably affected by sunlight. Ex- 
posure to the quartz mercury arc decreases its transmission 
slightly (measured at 313 millimicrons). 

Common Window Glass is also slightly decreased in trans- 
mission by exposure to the quartz mercury arc but changes 
inappreciably in sunlight. 

Thickness.—The thinner the glass, the greater in general 
will be its transparency to ultra-violet rays. Considerations 
of strength, however, set a limit to an indefinite reduction in 
thickness. Commercial samples have been submitted for test 
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with a thickness of less than I mm. (1/25 inch). In installing 
such glass, attention should be given to the proper size of sash 
to meet safety requirements. 


THERMAL EXPANSION OF ALLOYS OF THE “STAINLESS 
IRON” TYPE. 

AN INVESTIGATION on the thermal expansion of low-carbon 
iron chromium alloys of the ‘‘stainless iron’’ type was recently 
completed. No data on this subject were available. These 
alloys are being used to an increasing extent for various 
purposes such as parts of steam turbines, devices for handling 
acids, and in the manufacture of other articles that must 
resist corrosion. 

A scientific paper which gives results on the expansion of 
stainless iron for various temperature ranges between room 
temperature and 1000° C., is now in press. Critical regions 
were located on some samples of stainless iron. This material 
expands about 17 per cent. less than pure iron for the temper- 
ature range from room temperature to 100° C. The complete 
report will be valuable to persons interested in this material. 


CAST IRON FOR ENAMELING PURPOSES. 


THE program of enameling different irons under various 
conditions, both at the bureau and in the laboratories of two 
plants, which was mentioned in an item on this subject 
appearing in the Technical News Bulletin for August, 1927 
(No. 124), has been completed. Differences in the blistering 
tendencies of the different sets of castings are not so apparent 
in the case of the high lead enamel, but can readily be seen in 
the case of the higher fired, wet process enamel which was 
supplied to the bureau for use in this work. 

Two irons were used, designated as “L” and “R.” 
Although on the whole there were more blisters obtained with 
the L than with the R castings, yet the blistering tendencies 
of the castings were most consistent within the individual 
heats of either iron. Thus, four heats of each of these irons 
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were made for this series of tests, and heat 4 of iron L showed 
distinctly less blistering tendency than the other three heats 
of the same iron. Similarly heat 1 of the iron R was not as 
satisfactory as heats 2 and 3 of this iron. These variations 
may be due to irregularities in the pig iron, melting conditions, 
or pouring conditions, although the last two conditions were 
under better control than is commercially practicable. 

Some interesting relationships have been found to exist in 
the blistering tendencies of these various sets of castings. 
When a surface layer of iron is removed from any of the 
castings studied—even those most prone to give blisters—the 
blistering tendency disappears. This surface layer may be 
removed by machining, pickling under certain conditions, or 
sufficiently extended sandblasting, with equally beneficial 
results. Data are being obtained which should indicate 
whether the improvement can be attributed to bodily removal 
of blister-producing material in the surface layer of iron, or to 
some other cause. 

A special sandblast apparatus is in use which is capable of 
delivering a definite amount of sand or other abrasive at a 
controlled pressure. Preliminary results obtained with this 
apparatus indicate that those castings which have more 
tendency to produce blisters under ordinary conditions lose 
weight less readily under a given sandblast treatment. 


PROTECTION OF DURALUMIN AGAINST EMBRITTLEMENT. 


THE trend in airplane design toward all-metal construction, 
and extensive use of the strong light alloy duralumin demands 
100 per cent. permanence and reliability of this material. 
Doubt has been expressed from time to time concerning the 
permanence of duralumin in service. Sheet duralumin has in 
a number of cases been seriously impaired in its properties 
by becoming brittle without any marked accompanying 
change in its surface appearance. The great bulk of sheet 
duralumin in use, however, has not shown evidence of such a 
Change and at first manufacturers of materials as well as 
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builders and users of aircraft held the opinion that no change 
in the properties of duralumin takes place. However, many 
well established cases of severe deterioration have been found 
in sheet duralumin of American and foreign manufacture. 
These have been shown to be the result of corrosion, the metal 
being attacked in a peculiar intercrystalline manner. 

A coöperative investigation of this subject was conducted 
by the National Advisory Committee for Aeronautics, the 
Bureau of Aeronautics of the Navy Department, the Army 
Air Corps, and the Bureau of Standards. Progress reports 
are being issued by the National Advisory Committee for 
Aeronautics in its series of Technical Notes. 

Intercrystalline corrosion of sheet duralumin whereby the 
metal becomes very brittle can be induced by accelerated 
laboratory tests. Chloride solutions are most effective and 
the addition of an oxidizer increases the attack very decidedly. 
By means of such a solution, carried out as an intermittent 
immersion test on full-size tension bars on which the strength 
and ductility after corrosion were determined, it has been 
shown that all of the aluminum alloy sheets of the duralumin 
type, that is, heat-treatable alloys, are subject, more or less, 
to intercrystalline corrosion. Heat-treated duralumins of 
essentially the same composition in the commercial heat- 
treated condition have been found to differ greatly in their 
corrosion-resistance. Composition does not appear to be the 
controlling cause, although alloys containing copper as the 
main alloying constituent are more susceptible than those 
containing little or no copper. 

It has not been possible by high magnification studies of 
the structure to obtain definite evidence as to the real ‘‘ mecha- 
nism ” of the intercrystalline attack. The real cause evidently 
is to be attributed to structural changes of a submicroscopic 
order. Some light has been thrown on this by X-ray analysis, 
but this method cannot be relied upon as a sure means of 
distinguishing material susceptible to this form of corrosion 
from that which is resistant to it. 

Cold-working sheet duralumin after heat treatment renders 
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it somewhat more susceptible to intercrystalline attack. 
However, this appears to be only a contributory factor. 
Material which is heat treated by quenching from a temper- 
ature considerably below the one at which the alloy con- 
stituents are soluble in the aluminum matrix is less resistant 
to corrosion than if properly heat treated, i.e., quenched from 
500° C. and aged at room temperature several days. The rate 
of quenching, that is, as determined by the quenching medium 
used, is a very important factor. Sheet quenched in hot 
water was found to be very much more susceptible than cold- 
water quenched sheet although the static strength properties 
and the visible microstructure are the same. Material which, 
after quenching, is subjected to accelerated aging, that is, 
aged at some elevated temperature was also found to be much 
more susceptible to intercrystalline corrosion than material 
aged at room temperature. For a high degree of corrosion 
resistance in sheet duralumin (not necessarily complete 
freedom from attack), the material should be quenched 
rapidly, as in cold water, from approximately 500—510° C., and 
aged at room temperature. When exposed to the weather 
such materials are giving results confirming the conclusions 
based upon accelerated corrosion tests. 

Although the resistance of sheet duralumin to inter- 
crystalline corrosion can be greatly improved by proper heat 
treatment, protective coatings should also be used in order to 
assure complete protection. A coating of plain spar varnish 
is of relatively little use; when pigmented with aluminum 
powder, however, such a coating is greatly improved and 
appears entirely suitable to resist most atmospheric attacks. 
It is not to be relied upon for resistance to sea water, as in 
pontoons; a heavy bitumastic coating is suitable for this. An 
oxide coating made by the anodic oxidation process is of little 
use unless given a supplementary greasing treatment. This 
greatly improves such a coating and it appears to be very 
suitable for atmospheric service—not for parts immersed in 
sea water. The anodic process appears to be the best of the 
oxide or related processes. 
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Laboratory tests have indicated that ‘“aluminum-pig- 
mented” rubber coatings are exceptionally well suited for the 
protection of dynamically stressed parts (that is, parts 
subjected to vibration or flexure) under very severe corrosive 
conditions. 

Of the possible metal coatings, aluminum appears, from 
theoretical considerations, to be best. An aluminum coating 
applied by the metal spraying process gave 100 per cent. 
protection even under very severe corrosive conditions and 
after the coated specimens (before corrosion) had been de- 
formed (stretched). A commercial material, ‘“‘ Alclad,” the 
development of which was based upon the information gained 
from the tests of metal sprayed specimens, has been put on the 
market by one of the codperating manufacturers. This seems 
to be the practical solution of the problem so far as sheet is 
concerned. In all cases, however, the principles established 
concerning the proper heat treatment (as explained previously) 
must be observed if a high resistance to corrosion is to be 
obtained. 


TENDENCY OF MOTOR FUELS TO CAUSE DETONATION. 


THE modern motorist is offered a variety of trademarked 
gasolines by rival filling stations. The major differences 
between commercial gasolines are of two kinds: (a) differences 
in volatility and (b) differences in anti-knock value. The 
standard distillation test, which is an important part of the 
Federal motor gasoline specification, enables any oil laboratory 
to take a cupful of gasoline and determine its relative vola- 
tility. There is no similar laboratory test for measuring the 
relative tendency of gasolines to knock or detonate. All that 
can be done at present is to compare different gasolines in an 
actual engine and a survey by the Bureau of Standards shows 
wide differences between the equipment and methods em- 
ployed by 20 different laboratories for this purpose. The 
engines used include regular automobile engines, motorcycle 
engines, marine engines, farm lighting units, and specially 
designed single-cylinder research engines. Some of the last- 
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named are variable compression engines and such an engine 
may be used to determine the compression ratio at which each 
fuel starts to knock—this is called the ‘‘highest useful com- 
pression ratio ”—or the compression ratio at which each fuel 
produces its greatest power, but both these ratings vary with 
the particular engine used. The methods more generally used 
in this country depend on finding by trial the amount of 
tetraethyl lead which must be added to (or the percentage of 
benzol which must be blended with) the poorer of two fuels in 
order to give equal knock intensity in a particular high com- 
pression engine under specified operating conditions. These 
methods involve the comparison of all unknown fuels with a 
standard or reference fuel and the quantity of tetraethyl lead 
(or benzol) required for a match is termed the tetraethyl lead 
(or benzol) equivalent of the unknown fuel. Such ratings by 
different laboratories are not readily compared because (1) 
each laboratory usually has its own reference fuel and (2) test 
conditions vary in different laboratories. 

The bureau uses a high-compression single-cylinder engine 
for routine knock testing and adjusts the throttle to prevent 
excessive detonation with each fuel. The relative power which 
different fuels develop under these conditions is taken as a 
measure of their anti-knock value. 15 gasoline samples, 
submitted by refiners as typical of last winter’s production, 
were found to range from II per cent. worse to 30 per cent. 
better than the U. S. Motor gasoline then being furnished the 
Government departments under contract. 6 composite gaso- 
line samples, representing the average nonpremium gasoline 
sold at filling stations in various sections of the country, were 
also tested. The West Coast sample showed the least 
tendency to knock, the Texas sample came next and was 
followed by two East Coast samples. The sample from the 
Chicago district showed the greatest tendency to knock but 
calling this 100 the Texas sample was rated 105 and the 
California sample 118.4. 
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Atomic Weight of Erbium. ARTHUR EVAN Boss and B.S. 
HorKINs of the University of Illinois (Journ. Am. Chem. Soc., 
1928, 50, 298-300) prepared erbium chloride from gadolinite. 
They then determined the ratio of erbium chloride to silver in 
a series of six analyses, and obtained an average value of 
167.64 for the atomic weight of erbium. J. S. H. 


Synthetic Thyroxin.—Thyroxin is the hormone, or specific 
secretion, of the thyroid gland. It governs the basal metabo- 
lism or basal heat production of the animal body. Harrington 
and Barger (Biochemical J., 1927, 27, 169-181) have synthe- 
sized thyroxin and determined its constitution. They report 
that thyroxin is beta-[3 : 5-diiodo-4-(3’ : 5’-diiodo-4’ hydroxy- 
phenoxyl) phenyl]-alpha-aminopropionic acid. J. S. H. 


Effect of Salt upon Growing Rice. When salt is present 
in the irrigation water, rice plants may be injured. G. S. 
Frars (Texas Agricultural Experiment Station Bull. No. 371, 
I—IO, 1927) finds that, as a conservative limit, pumping should 
be stopped when the water contains from 40 to 50 grains of 
sodium chloride per gallon. The extent of the damage 
depends upon several factors, such as the salt content of the 
water, the period of time during which it is used, the amount 
of rainfall, the variety of rice, and the season of the i 
J. S. H. 


Production of Indigo Blue by Bacteria. P. H.H. Gray of 
the Rothamsted Experiment Station (Proc. Royal Soc., Series 
B, 1928, Z02, 263-280) has discovered a microorganism, 
Pseudomonas indoloxidans, which occurs in the soil and is 
able to oxidize indol to indigotin or indigo blue without the 
production of either indoxyl or isatin. The oxidation occurs 
in nutrient solutions and on agar media. The indol, however, 
does not supply the microorganism with energy (food), which 
must be provided as an organic compound such as try ptophane 
or, preferably glycerol. Although tryptophane is a precursor 
of indol, the microorganism does not convert tryptophane into 
either indol or indigotin. Gray has also discovered that two 
other microorganisms, Mycobacterium globeralum and Micro- 
coccus piltonensis, produce small amounts of indigotin when 
grown on indol agar. J. S. H. 


NOTES FROM THE RESEARCH LABORATORY, 
EASTMAN KODAK COMPANY.* 


ANTAGONISM OF RADIATIONS IN PHOTOCHEMICAL AND 
PHOTOGRAPHIC REACTIONS.: 


By S. E. Sheppard. 


A description of the apparent opposing actions of different 
radiations on photochemical and photographic reactions. 


RECENT ADVANCES IN CELLULOSE AND STARCH 
CHEMISTRY.? 


By H. LeB. Gray and C. J. Staud. 


The article gives a historical summary of the more funda- 
mental researches concerning the structure of cellulose, 
beginning with Flechsig in 1883 and concluding with the work 
of Herzog and of Irvine and Hirst. The results of more 
recent work include particularly those of investigations con- 
ducted during 1926 and 1927. The subject is discussed under 
the following divisions: Cellulose-structure—Physico-chemical 
research, Cellulose-structure—Chemical research, Dispersoi- 
dology of cellulose, Alkali cellulose, Acids on Cellulose, 
Viscose, Cellulose esters, Analytical, Biochemical work, and 
Miscellaneous. The part of the article dealing with starch 
considers only what appears to be the outstanding work of the 
past two years. A bibliography of 104 references is given. 


* Communicated by the Director. 

1Communication No. 322 from the Kodak Research Laboratories and 
published in Chemical Reviews 4: 319. 1927. 

2Communication No. 332 from the Kodak Research Laboratories and 
published in Chemical Reviews 4: 355. 1927. 
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MOLECULAR ORIENTATION AT SURFACES OF SOLIDS. I 
MEASUREMENT OF CONTACT ANGLE AND THE WORK 
OF ADHESION OF ORGANIC SUBSTANCES 
FOR WATER. 


By A. H. Nietz. 


A PRELIMINARY study has been made of two principal 
methods of measuring contact angle. These are (a) the 
Ablett cylinder; (b) the plate method. The first of these is 
considered more or less uncertain at present, since it shows 
mysterious, unexplainable, and inconsistent results compared 
with the plate method. 

About seventy organic substances have been studied for 
contact angle, effect on surface tension of water, spreading, 
and work of adhesion. The results, in all cases, appear to 
agree well with other results on liquids and solids and with 
theories proposed by Harkins and Langmuir. 

Some evidence on spreading is given. It is shown that 
some substances which spread violently, only slightly affect 
the surface tension. Substances which do not spread do not 
lower the surface tension. 

The effect of humidity during crystallization is marked. 
Increased humidity while solidification takes place causes 
great increase in work of adhesion. Increase in number of 
polar groups exposed to water also occurs if the solid is 
immersed in water. 


3 Communication No. 323 from the Kodak Research Laboratories and 
published in J. Phys. Chem., 32: 255. 1928. 
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NOTES FROM THE U. S. BUREAU OF CHEMISTRY 
AND SOILS.* 
NOTES ON THE pH OF CANE JUICE.: 
By R. T. Balch. 


[ABSTRACT] 


EXPERIMENTS showed that the application of fertilizers to 
the soil did not influence the reaction of cane juice. From the 
results of published investigations on other plant materials, 
substantiated in part by these experiments, it is concluded 
that: (1) the pH of the cell sap varies in different parts of the 
plant, the growing tip having the highest value; (2) the pH of 
the different parts varies during the development of the plant, 
and each approaches a fairly constant value as full maturity 
is reached, namely, at the period of flowering and seeding; 
(3) temperature and light have a bearing on the pH value of 
the plant saps; (4) the character of the soil and the fertilizer 
has only a slight effect on the cell sap of certain parts of the 
growing plant, and apparently the least effect is upon the 
sap of the stems, with which the stalk of the cane may be 
compared. 


STUDIES ON GOSSYPOL. 


II. CONCERNING THE NATURE OF CARRUTH’S D 
GOSSYPOL.? 


By E. P. Clark 
[ABSTRACT] 


In the literature D gossypol is considered a derivative of 
gossypol, which is formed in the cooking and pressing process 
to which cotton seeds are subjected in the manufacture of 
cotton seed oil. It forms an aniline compound known as 
aniline D gossypol. This substance was shown to be identical 

* Communicated by the Chief of the Bureau. 

1 Published in Sugar, vol. 30, January 1928, pp. 8-9. 

2 Published in Journal of Biological Chemistry, vol. 76, no. 1, January 1928, 


pp. 229-235. 
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with dianiline gossypol obtained by condensing gossypol with 
aniline. Upon hydrolysis of aniline D gossypol a substance 
was obtained which was identical both chemically and 
physiologically with analytically pure gossypol. These facts 
render untenable the hypothesis that D gossypol is an 
oxidation or hydrolytic derivative of gossypol. It has been 
suggested that in the cooking and pressing process to which 
cotton seeds are subjected in the manufacture of cotton seed 
oil the gossypol present in the seeds is bound by condensing 
with free amino groups of the seed proteins, forming substances 
similar in type to dianiline gossypol. 


OPTICAL ROTATION AND ATOMIC DIMENSION. 
VII. THE HALOGENO-HEPTA-ACETYL DERIVATIVES OF 
GENTIOBIOSE.?® 
By D. H. Brauns. 


[ABSTRACT] 


THE a-fluoro-, chloro-, bromo- and iodo-hepta-acetyl 
derivatives of gentiobiose were prepared and described. A 
comparison of the specific rotational values of these halogen 
derivatives shows that these straight chain biose derivatives 
behave the same as the branched chain biose derivatives 
investigated in the previous article of this series, as agreement 
with the regular relationship observed for the corresponding 
derivatives of the monose sugars is obtained only by excluding 
the values for the fluoro derivatives. 

Besides the pure a-halogen derivatives of gentiobiose, 
impure 8-chloro and iodo compounds were obtained. 

The Walden inversion from 8-octa-acetylgentiobiose to 
a-chloro- and iodo-hepta-acetyl gentiobiose by the action of 
hydrochloric and hydriodic acids proceeds at least in two 
definite steps, 8-chloro- or iodo-hepta-acetyl gentiobiose being 
intermediately formed. 


3 Published in the Journal of the American Chemical Society, 49, December 
1927, Pp. 3170-3177. 


NOTES FROM THE U. S. BUREAU OF MINES.* 


HYDRAULIC CLASSIFICATION OF METAL FEEDS. 


A NEW type of hydraulic classifier, devised by the United 
States Bureau of Mines, Department of Commerce, and which 
is being used with success in the mills of the Coeur d’Alene 
mining district in Idaho and elsewhere, is described in 
Technical Paper 403, by A. W. Fahrenwald, just issued by 
the Bureau. Results obtained with the classifier show that 
proper classification of sands increases the recovery of valuable 
minerals by tabling, improves the grade of the concentrate, 
and increases the capacity of the tables. This investigation 
of the subject of hydraulic classification was conducted in 
coöperation with the School of Mines of the University of 
Idaho. 

The primary objects of the work were to increase effciency 
in the concentration of ores on tables and to determine 
whether classification of the ore pulp by hindered settling 
would be of benefit in connection with tabling. Consequently, 
the work involved a careful study of the fundamental princi- 
ples of hydraulic classification, the practical requirements of 
hindered settling, and the development of a suitable classifier. 

Although the fundamental principles of classification had 
been worked out by others, little had been done in applying 
these principles to the classification of table feeds, for the 
practice of classifying table feeds has been largely abandoned 
in recent years. In the course of the codperative investigation 
attention was given to the density of sand and water mixtures 
in which the mineral particles were agitated by rising water in 
glass and in transparent celluloid columns and pockets. The 
information gained by these experiments led to the develop- 
ment of the new type of classifier embodying the various 
elements found necessary. 


* Published by permission of the Director, U. S. Bureau of Mines. (Not 
subject to copyright.) 
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DETECTION OF CARBON MONOXIDE IN MINES. 


Directions for the use of the iodine pentoxide detector in 
determining the amount of carbon monoxide in mine air have 
been prepared by the Bureau of Mines in order that mine 
rescue workers may familiarize themselves with the use of this 
device, which ascertains the amount of this dangerous gas in 
mine air quickly, simply, and with reasonable accuracy. 

Carbon monoxide is often found in mines, particularly 
during and after mine fires and explosions, state G. S. McCaa 
and John A. Davis, in Information Circular 6057, recently 
published by the Bureau. This gas has the property of 
combining with the haemoglobin or red coloring matter in the 
blood and thus preventing the normal delivery of necessary 
oxygen to the various tissues of the body. Because of this, 
headaches and discomfort frequently result after 2 or 3 hours 
of breathing an atmosphere containing as little as 0.04 per 
cent. of carbon monoxide, while exposure to a concentration of 
0.3 per cent. usually produces unconsciousness in 20 or 30 
minutes—followed by death if the victim is not promptly 
removed to fresh air. The gas is all the more dangerous 
because it is colorless, odorless, and tasteless, thus affording 
no warning of its presence that can be perceived by the 
unaided human senses. 

The various methods commonly used by the Bureau of 
Mines for determining the presence of carbon monoxide in 
mine air include: observation of the effect on small animals, 
particularly canaries and mice; the pyrotannic acid method of 
determining carbon monoxide in blood samples; volumetric 
gas analysis by absorption or combustion; and the iodine 
pentoxide method. The underground use of the pyrotannic 
acid method is somewhat restricted by its limitation to air 
containing not over 0.2 per cent. of carbon monoxide. Volu- 
metric gas-analysis methods require technical skill and training 
on the part of the analyst, as well as apparatus that is either 
too delicate or too cumbersome to be carried about under- 
ground, hence these methods are employed almost exclusively 
in the laboratory. The iodine pentoxide hoolamite method, 
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however, permits the use of a carbon monoxide detector 
which readily and simply determines the amount of carbon 
monoxide in mine air. As the method is of comparatively 
recent origin, it is not known as well as might be advantageous 
to men concerned with fighting mine fires or with rescue and 
recovery after mine explosions. 

The most essential feature of the detector is a small glass 
tube containing granular pumice stone impregnated with a 
mixture of iodine pentoxide and fuming sulphuric acid. 
This mixture is called hoolamite after Hoover and Lamb, who 
patented the formula. When air containing carbon monoxide 
is forced through the tube by means of a rubber aspirator bulb 
and suitable valves, iodine is liberated and the original white 
of the granules is changed to various shades of bluish green or 
even violet-brown or black, depending upon the amount of 
carbon monoxide. 

One should recognize that the detector does not indicate a 
deficiency of oxygen in the atmosphere or the presence of 
such other gases as carbon dioxide and hydrogen sulphide; 
nor does it automatically give warning of carbon monoxide as 
the operator may actually be in an atmosphere containing 
this gas without using the instrument. Hence, in these 
respects, the detector is inferior to canaries or mice. However, 
when in good condition and used properly, the detector affords 
a reasonably accurate quantitative means of determining, 
while underground, the percentage of carbon monoxide in the 
air, which it is impossible to do with small animals. Also, 
birds or mice should be returned to fresh air to revive them 
after being overcome by carbon monoxide, whereas use of the 
detector permits a rescue crew to proceed without delay, and 
additional tests for carbon monoxide can be made as the work 
progresses. Furthermore, the instrument is light, compact, 
and easily carried in the mine, needs little attention, and 
requires no special ability or skill for operation other than that 
of distinguishing between different shades of color. All of 
these advantages make the detector an extremely valuable 
tool for use by men in mine-rescue and recovery work or by 
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any others who must breathe air in which carbon mon- 
oxide may be found. 


FORMATION OF PEAT. 


In the course of a study of the formation of peat being 
conducted by the Bureau of Mines, samples of peat have been 
collected at various depths in Wisconson peat bogs and are 
being analyzed to determine the rate of decay of various 
vegetable constituents such as woody matter and cellulose. 
The main question to be decided is whether wood (lignin) or 
cellulose, the principal constituents of plants, decay completely 
in the process of peat formation. If either decays completely, 
leaving no solid decomposition products, it can be concluded 
that the other is the original substance from which coal was 
formed. It is generally conceded that coal was formed from 
peat. Since the action of bacteria plays an important part 
in the decay of vegetable matter, a thorough investigation of 
this phase is now being made. It has been found that 
bacteria exist at all depths in the peat bogs but they are 
probably more or less dormant in the lower levels. It has 
been found further that where bacteria have become dormant 
their activity is quickly resumed when supplied with available 
nitrogen. 


THE FRANKLIN INSTITUTE. 


MINUTE ADOPTED BY THE BOARD OF MANAGERS 
AT ITS MEETING HELD WEDNESDAY, FEBRUARY 
8, 1928, RELATIVE TO THE DEATH OF DR. 

WM. C. L. EGLIN, PRESIDENT. 


In the death of its President, Dr. William Charles Lawson Eglin, The Franklin 
Institute of the State of Pennsylvania, has experienced an overpowering loss which 
is deeply felt by all. Both officially and in his personal relations, Dr. Eglin had 
won the high esteem of all elements of the membership of the Institute. His 
death is sincerely mourned. 

Dr. Eglin was born in Glasgow, Scotland, in 1870, and was educated at the 
Andersonian University and the University of Glasgow. He came to Philadelphia 
in 1889 and devoted himself to his work as an electrical engineer. Because of his 
distinguished services in this field he received the honorary degree of Doctor of 
Science from Swarthmore College, from the University of Pennsylvania, and from 
Pennsylvania Military College. 

Dr. Eglin joined The Franklin Institute in 1891. He displayed from the 
outset a lively interest in its activities and in 1898 became a member of the 
Committee on Science and the Arts, of which body he remained a useful and 
stimulating member until his death. In 1908 he was elected a member of the 
Board of Managers. He was made Vice-President in 1922 and in 1924, upon the 
retirement of the President, was chosen to that office, which he has held until this 
time. 

Dr. Eglin brought to this new office a decision and forcefulness which proved 
highly effective in meeting a crisis which had suddenly arisen in the affairs of the 
Institute. These qualities, combined with a generous sense of justice, enabled 
him to guide the Board of Managers to a proper solution of a critical problem. 

In 1924 The Franklin Institute celebrated the centennial of its organization 
and the completion of a century of honorable service to science and the State. 
The commemorative exercises were brilliant and were distinguished by the 
excellent quality of the scores of papers which were presented, as well as by the 
presence of a great group of scientists of international standing, who delighted 
to honor the Institute. 

In the conception, planning, preparation and guidance of the celebration, 
Dr. Eglin showed himself to be a leader of vision, ingenuity and courage. He 
contributed strikingly to the success of the entire occasion by his vivid imagi- 
nation, his executive ability and his inclusive hospitality. The Institute began 
the term of its new president and the second century of its life with an honorable 
public recognition, and with a brightened outlook for future distinction, based 
upon labors well done. 

Dr. Eglin’s term as President has been fruitful of good things for The Franklin 
Institute. He proposed the Christmas Week Lectures for young people and 
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assisted in their inauguration and maintenance; as chairman, he lent distinction 
to the meetings over which he was called upon to preside; at all times he was a 
wise counselor, a constructive critic, an indomitable supporter of the policies of the 
Institute and of its executive officers. 

The Board of Managers of The Franklin Institute desires to express its 
grateful appreciation of the high value of Dr. Eglin’s service as member and 
officer, and its sense of great and lasting loss in his death. The members of the 
Board feel a keen personal bereavement in the removal of their President, for 
whom they had come to know respect, admiration, and warm affection, as he 
labored without stint for the welfare of the Institute. 
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(Proceedings of the Stated Meeting Held Wednesday, February 15, 1928.) 


THE regular monthly meeting of The Franklin Institute was called to order 
at eight-eighteen p.m., by Mr. Henry Howson, Vice-President. 

He called upon the Secretary to read an official notice of the death of Dr. 
William Charles Lawson Eglin, President of the Institute, who died on Tuesday, 
February seventh. The Secretary stated that a minute concerning the death of 
Dr. Eglin had been adopted by the Board of Managers. It is printed in full 
herewith. The Secretary attempted to express the common feeling of all the 
elements of the membership of the Institute concerning Dr. Eglin. 

Mr. W. H. Fulweiler arose and said that in his judgment it was particularly 
appropriate that an expression should be made formally of the sympathy and 
sorrow of the membership of the Institute, outside the Board of Managers. He 
therefore moved that a committee of three be appointed by the Chair, to draw up 
such a minute for presentation to the Institute at its next meeting. This motion 
was seconded and unanimously adopted. 

The Chairman then called for the regular order of business. 

The Secretary stated that the minutes of the January meeting had been 
published in full in the February number of the JouRNAL of the Institute, and 
moved that they be approved as printed. This motion was unanimously adopted. 

He made the following report concerning membership: New members: Life 
Resident, one; Resident, eleven; Non-Resident, seven; Student, one; Deaths, 
seven. He referred particularly to the deaths of Dr. H. A. Lorentz and Professor 
A. E. Outerbridge, Jr. He stated that biographical notes would be published in 
the subsequent copy of the JOURNAL of the Institute concerning these two former 
members, 

The Chairman then called upon the Secretary to read the appointments to 
membership in the Committees of the Institute on the Library, Meetings, and 
Museum. The make-up of these Committees follows: 


Committee on Library 


C. W. Bates Joseph S. Hepburn 
Charles E. Bonine George A. Hoadley 
H. J. M. Creighton Lionel F. Levy 
W. H. Fulweiler M. M. Price 
Clarence A. Hall George F. Stradling 
Committee on Meetings 
Howard McClenahan, Chairman Charles Penrose 
James Barnes George D. Rosengarten 
George S. Crampton Coleman Sellers 3d 
T. G. Delbridge W. C. Wagner 
Arthur W. Goodspeed W. Chattin Wetherill 
Committee on Museum - 
Hugo Bilgram John J. L. Houston 
G. H. Benzon Jr. Henry Leffmann 
Arthur L. Church Frederic Palmer Jr. 
Theobald F. Clark H. H. Quimby 


George A. Hoadley William O. Sawtelle 
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There was no further business, so, at eight-twenty-nine the Chairman 
introduced in felicitous terms, the lecturer of the evening, Dr. Herbert E. Ives, 
of the Bell Telephone Laboratories, Inc., New York City. Dr. Ives spoke 
delightfully on ‘“‘ Television.” He outlined the development of this new phase of 
scientific work, illustrated with demonstrations the principles underlying ‘“‘Tele- 
vision,” and then showed both still and motion pictures illustrating the various 
problems involved and the methods devised to solve them in the work of the 
scientific staff of the Bell Laboratories. 

Dr. Ives’ talk was described as one of the most lucid and enjoyable ever given 
in the Institute. The attendance was the largest in recent years. About four 
hundred persons listened to Dr. Ives’ lecture and witnessed the demonstrations. 
About two hundred others had to be turned away. 

The meeting adjourned at nine-fifty-six, with an expression of appreciation 
and gratitude from the Secretary, on behalf of the Institute, to Dr. Ives for coming 
to deliver his lecture, and with a rising vote of hearty thanks. 

Howarp McCLENABAN, 
Secretary. 


COMMITTEE ON SCIENCE AND THE ARTS. 
(Abstract of Proceedings of Stated Meeting Held Wednesday, February 1, 1928.) 


HALL OF THE COMMITTEE, 
PHILADELPHIA, February I, 1928. 


Mr. M. M. PRICE in the Chair. 


The Chairman announced the reelection by the Board of Managers of eighteen 
members of the Committee to serve for three years and the election of the following 
new member to serve for three years: 


CAPTAIN Hiıira{Į B. ELY. 


The Special Committee on Nomination of a Chairman for the ensuing year 
reported as its choice Doctor George S. Crampton. Doctor Crampton was unan- 
imously elected and took the Chair. 

The following report was presented for final action: 

No. 2882: Wide Angle, High Speed Lens. 

This lens is a wide-angle doublet lens designed for use in astronomical 
photography and particularly to cover a wide field with flatness of field and 
freedom from distortion and flare. It is an anastigmatic lens and is corrected for 
both chromatic and spherical aberration. 

The objective is of the type that includes two spaced components. Each of 
these may be a compound lens, one being positive and the other negative. Photo- 
graphs of star clusters taken with this lens show exceptionally good definition over 
the entire field. 

“In consideration of his marked contribution to astronomy in the design of 
wide-angle astrographic lenses of exceptional speed and definition” the award of 
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the John Price Wetherill Medal is recommended to Doctor Frank E. Ross, of the 
Yerkes Observatory, Williams Bay, Wisconsin. 
The following reports were presented for first reading: 
No. 2880: Work of Mr. Arthur Glasgow. 
No. 2888: Pyrex Glass. 


No. 2891: Literature. 
GEo. A. HOADLEY, 


Secretary to Committee. 


MEMBERSHIP NOTES. 


ELECTIONS TO MEMBERSHIP. 
(Stated Meeting, Board of Managers, February 8, 1928.) 


RESIDENT. 


Mr. Witt1aM R. Doman, Engineering Department Victor Talking Machine 
Company, Camden, N. J. For mailing: 766 Beacom Lane, Merion, Pa. 
Mr. Jonn B. FLowers, Electrical Engineer Naval Aircraft Factory, U. S. Navy 

Yard, Philadelphia, Pa. For mailing: 121 Chestnut Street, Brooklawn, N. J. 

Mr. Leo I. HEINTZ, President, Heintz Manufacturing Company, Front Street 
and Olney Avenue, Philadelphia, Pa. 

Mr. AVENIR PROSKOURIAKOFF, Chemist, Lankenau Hospital Research Institute, 
Philadelphia, Pa. For mailing: 67 Fairview Avenue, Lansdowne, Pa. 

Mr. CLirForD S. REDFIELD, Rubber Engineer, John Warren Watson Company, 
Bridge Street and P. R. R., Philadelphia, Pa. 

Mr. Epcar S. Ross, Manager—Research and Development, Headley Good Roads 
Company, Philadelphia, Pa. For mailing: 1311 Franklin Trust Building, 
Philadelphia, Pa. 

Mr. GEorRGE Vaux, Student, Haverford College. For mailing: The Thicket, 
Bryn Mawr, Pa. 


Mr. Kari A. WEIL, Electrical Engineer, 1727 North Seventeenth Street, Phila- 
delphia, Pa. 


NON-RESIDENT. 


Dr. Kart T. Compton, Professor of Physics, Princeton University Princeton, 
New Jersey. 

Mr. LoweLL O. GILL, Research Chemist, A. E. Staley Manufacturing Company, 
Decatur, Illinois. For mailing: 294 North Taylor Avenue, Decatur, Illinois. 

Mr. CLARENCE M. Joyce, Chemist, duPont-Viscoloid Company, Leominster, 
Mass. For mailing: 145 Walnut Street, Leominster, Mass. 

Dr. Dayton C. MILLER, Professor of Physics, Case School of Applied Science, 
Cleveland, Ohio. 

Mr. JosepH W. Myers, Inventor, 511 Second Street, Jackson, Michigan. 


STUDENT. 


Mr. Oscar H. Scuuck, JR., Student, 1816 North Seventeenth Street, Phila- 
delphia, Pa. 


436 Lisprary Notes. (J. F. I. 


CHANGES OF ADDRESS. 


Mr. STUART BALLANTINE, 267 Boulevard, West, Boonton, N. J. 

Mr. CHARLES R. COLLins, 4424 White Building, Seattle, Washington. 

MR. FREDERICK C. FEARING, 56 Valley Road, Bronxville, N. Y. 

Major WILLIAM J. HAMMER, The Shelton, Forty-ninth Street and Lexington 
Avenue, New York City. | 

Mr. S. PEMBERTON HUTCHINSON, 1001 Lewis Building, Fifteenth and Locust 
Streets, Philadelphia, Pa. 

Lt. COL. CHESTER LICHTENBERG, 300 Strathmore Road, Brookline, Pennsylvania. 

Mr. FRANK H. Rocers, President, I. P. Morris Corporation, Richmond and 
Norris Streets, Philadelphia, Pa. 

Mr. James S. ROGERS, 714—Commonwealth Trust Building, Philadelphia, Pa. 

Mr. BENJAMIN WILEY SANDS, 1300 Vermont Avenue, N. W., Washington, D. C. 

PROFESSOR AUGUSTUS TROWBRIDGE, 20 Rue de la Baume, Paris, France. 

PROFESSOR W. C. WETHERILL, Department of Mechanical Engineering, Uni- 
versity of Pennsylvania, Philadelphia, Pa. 

Mr. SyLvan D. ROLLE, 1606 West Mentor Street, Philadelphia, Pa. 


NECROLOGY. 


Dr. Edward V. D’Invilliers, Philadelphia, Pa. 

Dr. W. C. L. Eglin, Philadelphia, Pa. 

Dr. H. A. Lorentz, Haarlem, Holland. 

Professor A. E. Outerbridge, Jr., Philadelphia, Pa. 
Mr. Biddle Wood, Conshohocken, Pa. 

Mr. C. H. Zehnder, New York City. 

Miss Marion Reilly, Philadelphia, Pa. 


LIBRARY NOTES 


Recent Additions 


ACKERMANN, A. S. E.—Scientific Paradoxes and Problems and Their Solutions. 
1925. 

American Foundrymen’s Association.—Transactions. Volume 35. 1927. 

American Institute of Chemical Engineers.—Transactions. Volume 19. 1927. 

American Society for Testing Materials.—Proceedings of the Thirtieth Annual 
Meeting, 1927. Volume 27, Parts I and II. No date. 

Archiméde.—Oeuvres Complétes. Traduites du grec en français avec un intro- 
duction et des notes par Paul Ver Eecke. 1921. 

FABRY, CHARLES.—Introduction Générale à la Photometrie. 1927. 

FLEMING, J. A.—The Propagation of Electric Currents in Telephone and Tele- 
graph Conductors. Fourth edition, revised and extended. No date. 

GEIGER, H., AND KARL SCHEEL, Editors.—Handbuch der Physik. Volumes 12 
and 13. 1927-1928. 

Klimschs Jahrbuch. Band 21, 1928. 
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Maurer, P.—Machinisme et Automatisme. 1927. 

Physics in Industry: Lectures delivered before the Institute of Physics. Volume 
5. 1927. 

SosMAN, ROBERT B.—Properties of Silica: and introduction to the properties of 
substances in the solid non-conducting state. 1927. 

Union List of Serials in Libraries of the United States and Canada. 1927. 

WORDEN, EDWARD CHAUNCEY.—Chemical Patents Index. Volume I. 1927. 

World Almanac and Book of Facts for 1928. 


BOOK REVIEWS 


ENCYCLOPÉDIE PHOTOMETRIQUE. Première section—Généralités. Introduction 
Générale a la Photométrie, par Charles Fabry, Professeur a la Sorbonne et a 
l'École Polytechnique, Directeur Général de l'Institut d’Optique Théorique 
et Appliquée. viii-178 pages, 24 x 16 cm., paper. Paris, Revue d’Optique, 
1927. Price, paper, 20 francs, bound, 27 francs. 

Under the title “Encyclopédie Photométrique” a series of twenty-seven 
monographs on as many different topics on modern views and applications of 
photometry is in course of preparation by the Institut d’Optique of which the 
present volume is the first to appear. The scope and character of the collection 
and the features of note of this volume are clearly set forth by Professor Fabry 
in the foreword. He says: 

“Under the name ‘photometry’ is generally understood the measurement of 
radiations by the visual impressions which they produce. It is in a much broader 
sense that this term will be understood in the Encyclopédie of which the present 
volume is the introduction. Regarding the term ‘light’ in the general sense of 
‘radiation’ whatever may be the wave-length, by ‘photometry’ will be understood 
the measure of the intensity of radiations visible or non-visible, irrespective of 
their position in the spectrum and without regard to measuring appliance em- 
ployed. In this ensemble, the visual measures naturally occupy an important 
place, but by no means an exclusive one. 

“Photometry with its applications in the sense just indicated is a science of 
vast extent which is scarcely within the domain of one author. Good fortune 
has brought promises of collaboration from a large number of physicists qualified 
in diversified branches of the subject... . 

“This first volume is designed to give the fundamental notions, the definitions 
and the units which are constantly employed in measurements of radiation. For 
the reasons just stated, these are based on energy relationships, the ‘visual’ 
definitions occupy a secondary place.” 

In the nine chapters of the volume fundamental principles are set forth in 
minute detail and in language of the greatest clarity. A feature which will 
appeal to many readers is the fullness of explanation of the mathematical deduc- 
tions and the application of graphs and tabular data in dealing with the laws of 
radiation. There is indeed a notable absence of the mathematical ‘‘ pyrotechnics” 
which are often found in books of this type. The chapter headings are as follows: 
I Simple radiations and their classification; II Energy of Radiation; III Visual 
measures. Photometric units; IV Relation between visual data and energy data 
of a radiation; V Polarization of light; VI Photometric properties of bodies; 


VoL. 205, No. 1227—30 


438 Boox REVIEWS. [J. F. I. 


VII Laws of radiation; VIII Fundamentals of colorimetry, white light; IX 
Resumé of definitions. Bibliography. 

The first volume of this extensive series augurs well for a real advance in the 
literature of photometry. Lucien E. PICOLET. 


SCIENTIFIC PARADOXES AND PROBLEMS AND THEIR SOLUTIONS. By A. S. E. 
Ackermann, B.Sc. (Eng.). With introduction by C. V. Boys, F.R.S. 131 
pages, r2mo. London, The Old Westminster Press, 1925. Price, 5 s. 


Etymology would not help one much in interpreting the word “ paradox’”’ 
for both its root words have many meanings. ‘‘Para’’ may mean among other 
things “beside” and “beyond.” Chemists know it well in the latter sense. 
“Doxa” may be “opinion,” “expression” and in the oft-quoted chapter in I 
Corinthians it is rendered ‘‘glory ” (“For star differs from star in glory”). 

The Greek philosophers delighted in paradoxes and several of them including 
Achilles and the tortoise and the paradox of motion have been puzzling modern 
minds for a long while. In this book, many peculiar problems have been collected, 
the solutions being given in most cases. A few have been left to the ingenuity of 
the reader. Many will find amusement; a cynic will be inclined to ask why 
any one should hunt trouble, but the human mind is restless, and millions have of 
late been worrying over cross-word puzzles, accumulating at much sacrifice of time, 
a large stock of useless information. It appears that the subject of the book has 
been made popular having been broadcast from the London station 2 L O. 
About a year ago Punch called attention to the letter of a London citizen to 
The Times, protesting against the smoke nuisance, saying that it is just as bad 
to throw rubbish into the air as into the street, upon which Punch asked ‘'‘ Has 
the B. B. C. heard of this?” However, the matter of this book does not deserve 
flippant dismissal, for the author has given much thought to the subject, made an 
extensive search, and carefully analysed the features of the problems. The 
abundant responses from the broadcasting show the popularity of the topic. 

HENRY LEFFMANN. 


Puysics IN INpustry. Lectures before the Institute of Physics. By H. E. 
Wimperis, O.B.E., M.A., F.R.Ae.S. and F. E. Smith, C.B., C.B.E., D.Sc., 
F.R.S. Vol. 5, 54 pages, 8vo. Oxford University Press, Humphrey Milford, 
London, Publisher, 1927. Price, 2 s. 6d. 7 


At first thought it would seem that ‘‘physics in industry” would involve 
nothing unusual, for physics, chemistry and mathematics have been employed 
therein for many years, but a reading of this volume shows that much interesting 
and valuable material is presented. The first essay is by the Director of Scientific 
Research in the Air Ministry. The lecturer dwells on the youthfulness of the 
science of aviation and deals with the later phases of its development and practical 
application. The data presented are mostly from the British point of view. 
The statement that Aeronautics was ‘‘launched well in the modern scientific 
path by the formation some seventeen years ago of the Advisory Committee on 
Aeronautics” seems hardly fair to the pioneers, especially to Langley, in the 
study of the conditions under which flying is possible. It was a good deal more 
than seventeen years ago that Langley began to study scientifically the problems 
of flight, beginning by studying the physics of air-movement and resistance. 
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During the war the Germans showed that they had taken to heart the work of 
Langley and his successors, for the Allies were much at the mercy of their enemies. 
Over seven million dollars damage was done in London in a single night by German 
flyers, and no commensurate damage was done to the German works. 

The lecture on physics in navigation by Dr. Smith, Director of Scientific 
Research in the Admiralty, covers a number of topics among which may be noted 
the new process of deep-sea sounding by the “echo” method. The ingenious 
system of guiding a ship through a narrow channel by the so-called ‘“‘leader 
cable” is described, but while in almost all other cases some authority is quoted, 
this article has no such information. Was the method invented in America, and 
if so, is this the reason for lack of acknowledgment? HENRY LEFFMANN. 


THE CHEMISTRY OF WATER AND SEWAGE TREATMENT. By Arthur M. Buswell, 
Chief, Illinois State Water Survey, Professor of Sanitary Chemistry, Uni- 
versity of Illinois. American Chemical Society Monograph Series. 362 
pages, illustrations, 8vo. New York, The Chemical Catalog Company, 
Inc., 1928. Price, $7. 


Sewage disposal is a problem which is scarcely less important in sanitary 
engineering than any problem now before applied chemistry. The present book 
is broader than mere discussion of sewage disposal methods for it includes very 
much information on the industrial uses of water, in fact this portion of the 
book is about half its extent. The text goes even further, since a very considerable 
amount of space is devoted to the present-day chemistry including even a chapter 
on the structure of atoms and the theory of valency. How far this portion is 
advisable is a question. Undoubtedly the modern theories of physical chemistry, 
the principles of colloidal action, the effects of varying hydrion concentration, 
and other developments of the newer chemistry have direct applications to 
practical purposes. It is a question, however, whether the chemist working in 
the applied phases of the science will care to take up these more abstruse problems. 
It would seem that a hydraulic engineer or one engaged in sanitary operations 
on the large scale such as the management of the water supply and sewage disposal 
of a large city or the consulting engineer for industrial plants in which water is 
used for a great variety of purposes often of very different requirements, will be 
disposed to deal with the practical material before him and give but little attention 
to the question as whether, for instance, the water molecule is H:O or some 
multiple thereof. We must not decry pure science especially in view of the fact 
that the vast majority of the community looks upon it with some indifference 
or even disrespect. It is by the cooperative cultivation of theory and practice 
that we make our substantial progress but so great has the specialism in these 
lines been developed in recent years and so extensive has become the field of 
study that there must be separation of the workers and a certain portion must 
take up the theoretical investigation and another portion must carry out the 
practical applications. The utilization of both fields of study will be accomplished 
mostly by joint action of the two classes. 

The book is very thorough in its treatment of the subject. The first portion 
relating to theoretical questions is well written and though in some places decidedly 
relying upon the higher mathematics, it will give the sanitary engineer a great 
deal of information. Methods of water treatment for industrial purposes are 
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given very fully and the second part of the volume which is devoted to sewage 
disposal covers the whole field as at present available. Among other things 
very much information is given upon the subject of the organisms which are 
especially associated with sewage and with sewage filters. Disposal of sewage 
is an impending problem especially in America where the excessive use of water 
is so common and the problem has been of late years still further complicated 
by the introduction of many new forms of industry which give characters to the 
sewage that interfere materially with the processes that were formerly applicable. 
The disposal of industrial wastes is indeed an extensive and difficult problem 
in itself. From these points of view, the book is timely and valuable. 
HENRY LEFFMANN. 


Les TURBINES A VAPEUR. Traité a l'usage des ingénieurs, des techniciens et 
des éléves ingénieurs des écoles d’application. Par Ing. Giuseppe Belluzzo, 
Professeur ordinaire de construction des moteurs thermiques et hydrauliques 
au Polytechnicum Royal de Milan. Traduit de l'Italien par Jean Chevrier, 
Ancien élève de l'École Polytechnique, Licencié es Sciences. Deuxieme 
edition. Vol. I, Théorie et Calcul des Turbines a Vapeur. xvii-367 pages, 
24x15 cm., paper. Price, 60 francs. Vol. II, Les Turbines a Vapeur. 
vii-596 pages, 24x15 cm., paper. Price, 80 francs. Paris, Gauthier- 
Villars et Cie, 1927. 

The widespread growth of the central electric-power station, whose lines 
radiate far and wide through rural districts as well as serve urban centers, has 
all but completely superseded the small isolated power-plant. The use of the 
internal-combustion motor is still an exception but the steam-engine is now a 
rarity. Electrical engineers responded promptly to the demand for high-speed 
generators adapted to direct connection to steam-turbines, and turbo-electric 
generator for central station equipment has become established practice. While 
at the zenith of their development, engine-driven generators attained a capacity 
of the order of 10,000 horse-power, modern demand and progress have brought 
about turbine-driven generators of the order of 100,000 horse-power, a capacity 
which far transcends the possibilities of the older type of unit. The steam 
turbine consequently has achieved a commanding position, and literature dealing 
with it has grown apace in recent years. Although stable conditions of type 
and general design of these engines have come about, the art is still relatively 
new and treatises or texts relating to it are both expected and desired. 

An English translation of this work has recently appeared but since that 
time, a second edition of the original has been issued. This French translation 
is from the second edition and is unusually up-to-date in having been revised 
and amplified by the author, so that it constitutes in effect a third edition. The 
work is comparable in its scope and comprehensive detail with the well-known 
work of Stodola. Coming from another school, there are necessarily shades of 
difference of presentation and mode of approach of typical problems which should 
prove practically helpful. 

The first volume is in two main divisions. The first division is on the 
thermodynamics of steam and its application to steam turbines. The first 
three chapters are on the fundamental properties of water vapor, the pv, the 
entropy and the Mollier diagrams with special reference to steam turbines. 
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The fourth to ninth chapters deal with the flow of steam in stationary or moving, 
straight and curved conduits, shocks, reaction and work done in the movement 
along a conduit and experimental researches on the flow of steam. 

The second division which begins with the tenth chapter is on the application 
of the principles discussed in the first part to the next step toward the deduction 
of directly applicable data to the construction of the operative machine. The 
preliminaries are given in the tenth chapter, impulse and reaction, partial gate, 
efficiencies. The eleventh and twelfth chapters deal with the formulation of the 
flow of steam through the blades and the determination of coefficients for the 
losses which accompany the flow. In chapters thirteen to sixteen is discussed 
the determination of the contour of blades for impulse and reaction systems. 
Chapter seventeen includes a classification of current types of turbines. Pro- 
cedure in the calculation of steam turbines, the mechanical efficiency, volumetric 
efficiency, over-all efficiency and steam consumption are treated in the eighteenth 
to the twenty-first chapters. In chapters twenty-two and twenty-three are the 
important matters of partial-gate and the governing of steam turbines, 

Proceeding to the second volume for which the first volume has been a very 
complete preparation, we enter the machine-design phase of the subject. Con- 
forming to the order of the first volume, the third part, in twelve chapters, 
embraces the general plan of a project as governed by requirements and manu- 
facturing considerations. Then, successively, are taken up the construction of 
guide and rotor blades, the calculation of rotor-drums and discs, the design of 
rotor-shafts, and finally the structural details of these parts and the method of 
effecting the static and dynamic balance of the rotor assembly. This matter 
occupies six chapters. 

The construction of the stator-frame is next considered with the allied 
parts, packing, supporting and thrust bearings and analyzed in two chapters. 
Throttle valves and governors are given the next chapter. The two final chapters 
of this division contain a discussion of the structural features, first of high- power 
turbines, then of moderate power and small turbines. 

The features of steam turbines which apply exclusively to marine propulsion 
are set forth in the fourth part which includes chapters thirteen to eighteen. 
Here we have a general survey of the general arrangement of the power-plant 
according to the number of propellers to be driven and the mode of coupling 
employed. This is followed by chapters on directly coupled turbines and on 
turbines which drive through reduction-gears. The three final chapters of this 
division are on methods of best providing for cruising speeds for naval vessels, 
reversing arrangements and the utilization of the exhaust from auxiliaries. 
The fifth part of one chapter relates to the application of the turbine to railway 
engines with discussion and description of an experimental design which was 
built on plans of the author. 

The above summary gives only a much abbreviated outline of the topics 
treated; they are multiplied many-fold by subdivision. The discussions are 
all given, with no apparent exception, at ample length and the mathematical 
analyses, with many illustrative examples, most clearly presented, often with an 
explanatory note when unusual difficulties arise. The illustrations are both 
ample in number and satisfactory in quality. Vol. I has 260 figures in the text 
and 2 plates; Vol. II has 490 figures in the text and 16 plates. 
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Professor Belluzzo’s work is one of those logical and orderly presentations 
of modern practices in steam-turbine construction that will particularly appeal 
to readers who desire a practical as well as a complete exposition of the subject. 

Lucien E. PICOLET. 


THE Eartu Upsets. By Chase Salmon Osborn, B.S., LL.D. 216 pages, 
12mo. Baltimore, Waverly Press, Ind., 1927. Price, $3. 


It is difficult to appraise this book. It passes from grave to gay, from lively 
to severe frequently. The author is evidently very well read in earth-lore and 
familiar with the modern theories as to the structure of our globe. The burden 
of his story is that the outer shell of the earth which is generally called the litho- 
sphere is not a stable form. There is indeed no doubt of this statement. Within 
the scope of recorded history we have numerous examples of how this crust slips 
and breaks and the study of the crust shows that in the past it has suffered 
very violent changes. Allusions to the earth as solid are more poetical than 
practical and there is no telling when even those portions of the earth like the 
eastern coast of North America that show great stability and seem to have 
shown it through the ages, may indulge in a severe shake. We have had a few 
of these within recent times that remind us what might happen if a more serious 
slip or break should occur. The book is divided into short chapters in which 
various phases of earth motion and instability are considered and the moon 
comes in for a special chapter. The author seems to lean to the theory that the 
moon is a mass thrown off from the earth. If so, one would think that it would 
be a very irregular mass whereas the moon is nearly a perfect sphere so far as 
we can discern. Of course, it may have been thrown off in a soft condition and 
by constant rotation assumed its present shape, but the peculiar appearance in 
the moon’s surface with its numerous rings of mountains and sugar-loaf projections 
in the interior, seems to be a difficulty in this theory. However, a discussion 
of that subject must be left to the experts in physical astronomy. One of the 
interesting chapters, too brief really to satisfy many readers, is that on the old 
theory of the existence of a continent between Europe and America, the lost 
Atlantis. The author refers to Donnelly’s book on the subject which was very 
well written and attracted a good deal of attention in its day though it is probably 
now discarded. Some of the text will not be very pleasing reading since references 
are made to danger spots especially noticeable in certain parts of the world. 
Italy for instance is noted as having a liability to fracture, but then of course 
Italians know this from their own history. San Francisco and many other 
places along the western portion of the continent have been seriously disturbed 
within comparatively recent periods. Altogether the book is quite interesting 
and while the author is rather too enthusiastic in some ways, he certainly has, 
as noted, studied the field in many aspects and produced a volume that is a real 
contribution to geophysics. HENRY LEFFMANN. 


ATLAS METALLOGRAPHICUS. By Heinrich Hanemann and Angelica Schrader of 
the Technical Highschool, Berlin. Parts one and two, illustrations, plates, 
quarto. Berlin, Borntrager Brothers, 1927. Price, 14 marks, 25 pfg. 
Subscription must be placed for the entire set. 


The aim of the authors in the preparation of an ‘‘ Atlas’’ to which one can 
turn for guidance in all things metallographic is a commendable one and their 


Mar., 1928.] Book ReEvIEws. 443 


long and varied experience at the Technische Hochschule at Berlin has given them 
a great fund of information upon which to draw in the preparation of such a work. 
Naturally such an Atlas will differ in its treatment of the subject of metallography 
from the more modest reference books on this subject and will be distinguished 
primarily by its comprehensive treatment and, as judged by the first two parts, 
by the very excellent character of the micrographs given. The plan calls for an 
Atlas in two volumes, the first to be devoted to steel, iron and iron alloys, including 
coatings, and the second to the non-ferrous metals and alloys, making in all, ten 
chapters. Each chapter is prefaced by a concise description of the various 
metallographic constituents together with equilibrium diagrams and a table of 
suitable etching reagents. 

The two parts which have already appeared are devoted to ferrite and plain 
carbon steels and begin, in the orthodox fashion, with a description of ferrite and 
show how the structure changes as carbon is added. For this discussion of the 
carbon steels alone in the annealed condition, 121 micrographs are used each of 
which, in most cases, receives individual comment to show what the characteristic 
structural features are. Literally thousands of micrographs will be required for 
the complete work if it is carried out on the scale on which it has been started. 

The loose-leaf form for the plates of micrographs and the accompanying 
descriptive tables should add materially to the usefulness of the Atlas since this 
will facilitate its use in the laboratory, at the microscope, instead of limiting it to 
the library. On the whole, the ‘‘Atlas Metallographicus” promises to be a truly 
monumental work and to serve the students of metallography in much the same 
way that corresponding works in botany, crystallography and other sciences do. 

H. S. Rawpon. 


THE STRUCTURE OF THE ATOM. By E. N. da C. Andrade, D.Sc. (London), Ph.D. 
(Heidelberg), Fellow of University College, London, and Professor of Physics 
in the Artillery College, Woolwich. Third edition, revised and enlarged. 
xviii-750 pages, 22 X 14 cm., cloth. New York, Harcourt, Brace and 
Company, Inc. 


If an impulse akin to that which inspired Charles Wagner to write “The 
Simple Life” something over a quarter of a century ago has not come to the 
teacher of physical science of recent times, it is not because modern complexities of 
the fundamentals of physical science have not provided the cause. The striking 
results of modern investigation in atomic physics have brought about a new atom 
which, for a full presentation, call for analytical power and scientific inspiration 
of the calibre of a Newton or a Laplace. 

The literature of atomic structure and collateral subjects has grown to vast 
proportions, some of it immediately applicable in particular fields, but all of it 
contributing towards establishing atomic theory on a sound basis in harmony 
with observed phenomena. Out of this accumulated information, Professor 
Andrade has gathered the material for a comprehensive survey of all that has been 
done of importance which relates to atomic structure. He says: ‘‘A great deal 
of selection has been necessary to keep the book within the limits of size judged 
advisable in my choice. I have been guided by the wish to give a coherent and 
readable exposition rather than a series of abstracts of original papers. Some 
admirable pieces of work have been deliberately omitted as not falling into the 
scheme of the book. . . .” 


444 Boox REvIEWS. [J. F. L. 


The first edition included matter published up to March 1923. The present 
third edition has double the number of pages of the former and has been completely 
rewritten. The character of the work is already known to many, but it may be 
mentioned for the benefit of readers who may be seeking only a general descriptive 
text, that the work is an analytical and critical account of some of the most 
erudite contributions to physical science of the day, and premises on the part of the 
reader a familiarity with those phenomena of atomic physics which are correlated 
to the development of the theory of atomic structure. 

The work is in two general divisions, Part I, The Nucleus, Part II, The 
Extranuclear Structure. The additions in the present edition occur mainly in 
Part II, only relatively small changes having been made in Part I. The chapter 
headings are: under Part I, I Historical and general, II The passage of swift 
corpuscles through atoms, III Radioactive considerations, IV The disruption of 
the nucleus by alpha-particles, V Positive Rays, VI Classical X-ray consider- 
ations, VII The structure of the nucleus, VIII A digression on optical spectra. 
Under Part II, IX The dynamic model of an atom with one electron, X General 
principles for systems not simply periodic. Hydrogen-like atoms with two 
quantum numbers, XI The optical spectra of the general atom, XII Excitation 
potentials and absorption, XIII X-ray spectra and the inner electron groups, 
XIV The periodic system and the theory of quantum orbits, XV Multiplet 
structure and anomalous Zeeman effect. XVI Magnetic properties and atomic 
structure, XVII Static atom models, XVIII Wave theory and quantum theory, 
XIX Concluding remarks. Numerous bibliographical references relating to the 
topic discussed are given at the end of each chapter. 

The value of a book which has passed through three editions in four years is 
established. The intrinsic scientific value, the thoroughness of presentation and 
the straight-forward method employed of indicating inadequacies as well as 
merits of prevailing theories, contribute to place the work on a high plane among 
the physicist’s sources of information on the most fundamental problem of physics. 

L. E. P. 


PHYSICO-CHEMICAL METHODS. By Joseph Reilly, M.A. (Cantab.), D.Sc., Dès.Sc., 
F.Inst.P., F.R.C.Sc.I., M.R.1.A., F.I.C., Professor of Chemistry, National 
University of Ireland (University College, Cork), William Norman Rae, M.A. 
(Cantab.), F.I.C., Professor of Chemistry, University College, Colombo, and 
Thomas Sherlock Wheeler, Ph.D. (London), B.Sc., F.R.C.Sc.I., F.I.C., 
Chemist, Research Department, Royal Arsenal, Woolwich. xi-735 pages, 
21 X 11 cm., cloth. New York, D. Van Nostrand Company. Price, $8. 


It is a common enough experience that a long and trying search must often 
be made to find a desired description and theory of some physical or chemical 
laboratory apparatus of established value. The authors, having been impressed 
by the numerous instances in which that difficulty presented itself, have prepared 
the present volume to bridge this gap in scientific reference literature. In this 
text-book they have gathered the descriptions of a wide variety of physico- 
chemical apparatus, with their theories, and methods of approved value which the 
laboratory worker might only duplicate from other sources by laborious search. 

Besides the well-executed diagrams and the full and understandable de- 
scriptions of apparatus, their summarized theory, and their manipulation, the 
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methods of dealing in an orderly and efficient manner with the arithmetical 
processes which are employed have been given prominence. The work is in ten 
sections, each of which deals with related topics. The first section deals with the 
adjustment of observations, nomography (sometimes called ‘‘ parallel coördi- 
nates’’), the slide-rule and triangular diagrams. Section two is on the equipment 
of the laboratory in which are included descriptions of the several well-known 
types of high-vacuum pumps. Section three, on general operations, includes the 
cleaning of mercury, filtration, determination of the melting-point, distillation and 
photography. In section four is covered physical measurements, length, mass, 
recording of time, temperature and other measurements. Section five is on the 
properties of solution. Section six considers the properties of gases and vapors. 
Section seven is on calorimetry. Section eight on optical measurements, covers 
polarimetry, refractive index, the microscope, colorimetry and nephelometry, 
photometry and photo-electric effect. Under the caption of electrical properties, 
of section nine, are included the conductivity of electrolytes, electromotive-force, 
buffer solutions, hydrogen-ion, electro-chemistry. Section ten is on rates of 
reaction, X-ray analysis, practical methods in colloid chemistry. An appendix 
includes tables of elements and their atomic weights, atomic numbers and isotopic 
weights, and tables of useful constants. 

No one can exhaust a subject of this kind but, insofar as it relates to laboratory 
practice, the subject is covered with adequate fulness and in excellent form. 

Lucien E. PICOLET. 


PUBLICATIONS RECEIVED 


The Rise of Modern Physics. A popular sketch by Henry Crew, Ph.D. 
356 pages, illustrations, portraits, 12mo. Baltimore, The Williams and Wilkins 
Company, 1928. Price, $5. 

Protective Metallic Coatings, by Henry S. Rawdon. 277 pages, illustrations, 
8vo. New York, The Chemical Catalog Company, Inc., 1928. Price, $5.50. 

The Mechanism of Homogeneous Organic Reactions from the Physical-Chemical 
Stand point, by Francis Owen Rice. New York, The Chemical Catalog Company, 
Inc., 1928. Price, $5. 

The Chemistry of Water and Sewage Treatment, by Arthur M. Buswell. 362 
pages, illustrations, 8vo. New York, The Chemical Catalog Company, Inc., 
1928. Price, $7. 

The Earth Upsets (another terrestrial motion), by Chase Salmon Osborn. 
216 pages, 12mo. Baltimore, The Waverly Press, Inc., 1927. Price, $3. 

Electric Control Gear and Industrial Electrification, by William Wilson. 361 
pages, illustrations, 8vo. London and New York, Oxford University Press, 1927. 
Price, $8.50. 

U. S. Bureau of Mines, Mineral Resources of the United States, 1924, by 
Frank J. Katz, Chief Engineer, Division of Mineral Resources and Statistics. 
Part I—Metals, Part II—Nonmetals. 2 vols., tables, plates, 8vo. Washington, 
Government Printing Office, 1927. Price, $2. 

Thermiontc Phenomena, by Eugène Bloch, translated by J. R. Clarke. 145 
pages, illustrations, 16mo. New York, E. P. Dutton and Company. Price, $2.50. 

Wireless Direction Finding and Directional Reception, by R. Keen. Second 
and enlarged edition, 490 pages, illustrations, 8vo. London, Iliffe and Sons, Ltd., 
1927. Price, 21 shillings. 
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Report of a Survey of Transportation on the State Highway System of Ohio, by 
The Bureau of Public Roads, U. S. Department of Agriculture and the Ohio 
Department of Highways and Public Works. 155 pages, illustrations, maps, 
quarto. 1927. 

Publications of the Yerkes Observatory, Vol. V, part 11, Definitive orbit of 
Comet Delavan 1913f = 1914V, by George Van Biesbroeck. 36 pages, quarto. 
Chicago, The University of Chicago Press, 1927. Price, $1.50. 

Carnegie Institution of Washington. Researches of the Department of 
Terrestrial Magnetism, volume VI, Land Magnetic and Electric Observations, 
1918-1926. Magnetic results, 1921-1926, by H. W. Fisk. Magnetic, atmos- 
pheric-electrical, and auroral results, Maud expedition, 1918-1925, by H. U. 
Sverdrup. 524 pages, illustrations, plates, quarto. Washington, Carnegie Insti- 
tution, 1927. 

Navegação Radiogoniométrica Curvas e Rectas do Azimute. A. Fontoura da 
Costa. 56 pages, illustrations, 8vo. Lisboa, Imprensa da Armada, 1927. 

National Advisory Committee for Aeronautics. Technical Notes. No. 271, 
Full scale drag tests of various parts of Sperry messenger airplane, by Fred. E. 
Weick. 6 pages, photographs, quarto. No. 272, Special propeller protractor, 
by A. L. Heim. 6 pages, photographs, quarto. No. 276, Helium tables, by Lt. 
Com. Clinton H. Havill, U. S. N. 19 pages, quarto. Washington, Committee, 
1928. 

Rensselaer Polytechnic Institute. A study of the physical properties of elec- 
trolytic cobalt and its alloys with iron, by William Carleton Ellis, 57 pages, illus- 
trations, 8vo. An optical method of determining internal stresses in homogeneous 
materials, by Charles F. Ffolliott. The measurement of intensive magnetic 
fields by means of the Zeeman effect on the zinc triplet by Walter C. Michels. 
9 pages, illustrations, 8vo. Troy, N. Y., Institute, 1927. 


CURRENT TOPICS. 


Acid-Forming Properties of Osmium Tetroxide. Don M. 
Yost and ROBERT J. WHITE, of the California Institute of 
Technology (Jour. Am. Chem. Soc., 1928, 50, 81-84), find that 
osmium tetroxide, OsO,, is converted into a salt by an aqueous 
solution of sodium hydroxide, in which the concentration of 
that salt ranges between 0.0277 and 0.0587 normal. This salt 
is a derivative of perperosmic acid, H,OsO;. Previous investi- 
gators have expressed a difference of opinion as to the acid- 
forming properties of this oxide. J.S. H 


Hydrolysis of Esters in Weak Acid.—Neutral Salt Solu- 
tions.—jJonn ERSKINE HAwkKINS (Thesis, University of 
Pennsylvania, 1927, 23 pages) has studied the influence of 
neutral salts in varying concentrations upon the velocity of 
the hydrolysis of certain esters by certain organic acids. The 
reactions studied were those between (1) ethyl acetate, 
dichloracetic acid, and water; and (2) ethyl formate, mono- 
chloracetic acid, and water. The velocity of hydrolysis of 
esters, catalyzed by a uni-univalent organic acid in the 
presence of neutral salts is chiefly a function of the hydrogen- 
ion concentration. 


Chemistry of Cotton Seed. M. T. HARRINGTON (Texas 
Agricultural Experiment Station, Bull. No. 374, I-19, 1928) 
has analyzed the meats, hulls, and oil from the seeds of 73 
varieties and strains of cotton. The per cent. of oil in the 
seeds was independent of their size and weight, but usually 
attained its highest values in those with the highest meat 
content. Varieties of cotton with lint from 4 to 1% inches in 
length had a slightly higher per cent. of oil in their seeds than 
did varieties with either shorter or longer staple. The oil 
was determined by extraction with petroleum ether. No 
appreciable differences were found in certain fat constants 
(iodine number, saponification number, and index of re- 
fraction) of the oil from the seeds of different varieties. Free 
a acids were not present in any of the samples of es ae 
oil. JS: 
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The Thickness of Spontaneously Deposited Photoelectri- 
cally Active Rubidium Films, Measured Optically. HERBERT 
E. Ives and A. L. JoHNsruD. (Jour. Optical Soc. Am., 
Dec., 1927.) Films of the alkali metals deposited spon- 
taneously in high vacua upon polished platinum or glass are 
interesting in their behavior. While they are too tenuous to 
be visible yet they are as effective as considerable quantities 
of the same metals in displaying photoelectric properties. 
The purpose of this paper is to determine the thickness of 
such films. “Plane polarized light polarized at an azimuth 
of 45° was directed upon the metal or glass surface and the 
reflected light was examined with a Babinet compensator in 
conjunction with a nicol prism in order to determine whether 
the azimuth of the reflected polarized light or its phase were 
shifted by the presence of the alkali metal film.” 

Observations were first made upon platinum or glass 
surfaces free from metallic deposit and were continued for - 
several hours while films were forming upon the surfaces 
observed. The evidence for the presence of the films was 
their photoelectric action. When sodium and rubidium were 
deposited upon platinum no optical change was detected. 
With rubidium deposited on glass, however, there was found 
a “‘definite and measurable change in the phase shift upon 
reflection accompanied by a very small but definite change 
in the azimuth of the plane of polarization.” In order to 
correlate these changes with the thickness of the film on 
glass recourse was had to the electromagnetic theory of the 
case developed by T. C. Fry. According to this the thickness 
of the layer of rubidium is about 6 X 107cm. ‘A probable fig- 
ure for the effective diameter of a rubidium atom in a crystal 
. lattice is 4.5 X 10-8. It thus appears from these measure- 
ments and computations that the layer of rubidium in 
question is of the order of magnitude of one atom thick.” 
This estimate comes from the observed change of phase upon 
reflection. The authors call attention to the possibility that 
the theory used may not be applicable to an exceedingly 
thin film. ‘‘There is consequently no guarantee that the 
experimental points do not actually correspond to a thickness 
of say five or even ten atomic diameters. The real point at 
issue is however not seriously affected: a film so thin as to be 
detectable only by one of the most sensitive of optical tests 
is responsible for the complete photoelectric emission.” 


G. F. S. 
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HOW CAN ATOMS RADIATE?! 
BY 
H. A. LORENTZ, Ph.D., F.R.S. 


Director, Teyler Physical Laboratory, Haarlem, 
Professor of Physics, University of Leiden, Franklin Medalist, Member of the Institute. 


Note: Just when the manuscript of this paper was being prepared 
for the printer, the sad news of the death of Dr. H. A. Lorentz was 
received. His death takes from us one of the most outstanding 
figures in the realm of mathematical physics, and an inspiring and 
sympathetic leader in scientific thought. THE EDITOR 


WHEN, some months ago, the secretary had the kindness 
to ask me to deliver this lecture, I was glad, for various 
reasons, to accept the invitation. In the first place, and this 
would have been sufficient, because the great name of Benja- 
min Franklin, for whom I have always felt a deep veneration, 
is connected with this place. Secondly, because your Insti- 
tute once did me the honour to award me the Franklin medal, 
which, to every man of science, is a very great distinction. 
I was not, at the time, able to come to Philadelphia to receive 
the medal but it would have been very unkind on my part, 
if I had not availed myself of this opportunity for expressing 
my thankfulness and appreciation. 

Now, I suppose that you desire me to lay before you 
some questions taken from the newer development of physics 


1 Presented at a meeting held Thursday, March 31, 1927. 


(Note.—The Franklin Institute is not responsible for the statements and opinions advanced 
by contributors to the JOURNAL.) 


COPYRIGHT, 1928, by THE FRANKLIN INSTITUTE. 


VoL. 205, No. 1228—31 449 


450 H. A. LORENTZ. [J. F. I. 


and with which I am more or less familiar. So I chose as 
my subject the way in which the atoms of luminous bodies 
emit their radiations. Of course, this problem is intimately 
interwoven with the question, What is the nature of these 
radiations themselves? So long as, following Newton, physi- 
cists supposed light to consist of small particles or corpuscles 
moving along at high speed, it was natural and necessary to 
consider the atoms -as something like small guns emitting 
these corpuscles. On the other hand the undulatory theory 
of light developed by Huygens, Young and Fresnel makes us 
think of vibrating particles more or less comparable with the 
vibrating bodies which produce sound. 

You know that by a most remarkable change of views 
modern physics has been led to what one may call a revived 
corpuscular theory. Numerous phenomena, in the first place 
those of photo-electricity, can hardly be understood if the 
energy of light waves is supposed to spread out indefinitely 
over greater and greater spaces. It seems beyond doubt, 
that by such a diffusion the energy would soon become too 
dilute to eject an electron from an atom, for which a definite 
amount of energy is required. So, one naturally came to the 
hypothesis of “light quanta,” portions of energy concen- 
trated in extremely small spaces and moving onward with the 
velocity of light. 

There can be no doubt as to the amount of energy which 
must be associated with such a quantum. Phenomena and 
considerations into which I cannot now enter have shown 
that this amount must be proportional to the frequency, i.e. 
to the number of vibrations per second, of the light considered. 
It can therefore be represented by the product of the fre- 
quency and a certain constant coefficient which we shall 
denote, as is always done, by k. This is Planck’s famous 
coefficient, which was introduced into science somewhat more 
than 25 years ago and which has come to play a most impor- 
tant part in many chapters of physics. Planck, indeed, was 
the first to realize that the continuity which observation first 
reveals to us in physical phenomena, may be found to be 


Apr., 1928.] How Can AToMsS RADIATE? 45I 


apparent only when we penetrate farther and farther into 
minute details. In order to explain the way in which the 
radiation of heat of different wave-lengths depends on tem- 
perature he supposed that in hot bodies there are small 
vibrating particles endowed with the curious property that 
they cannot take and lose energy in any arbitrarily small 
amount, but only in finite portions of definite magnitude, 
these portions, or elements of energy, as Planck originally 
called them, being proportional to the frequency. He there- 
fore denoted their magnitude by hn. 

The quantum theory, started in this way, rapidly die: 
veloped. It may be said to have revolutionized physics; the 
idea of a definite frequency and a definite amount of energy 
belonging together in the way assumed by Planck has proved 
most fruitful. It has been applied to a wide range of phe- 
nomena and the value of Planck's constant has been deduced 
from many of them. To give you at least some idea of this 
magnitude, I may say that, if the frequency were a billion 
per second, the quantum would be equal to the work required 
to raise a weight of 0.0067 milligram to a height of a billionth 
of a centimetre. 

That, notwithstanding the mystery that still hangs over 
its fundamental assumptions, the quantum theory contains 
something closely approaching reality, is shown by the striking 
agreement between the values found for the constant k in 
different ways. Altogether the theory has been so successful 
that nowadays we cannot think of a picture of the physical 
world in which the constant k would not appear, any more 
easily than we can imagine one in which there would be no 
question of the elementary electric charge, of Avogadro’s con- 
stant or of the constant of gravitation. 

To return to the light quanta, their energy hn is so small 
that the number of quanta which our eye receives during a 
second, for instance, even when fecble light enters it, must be 
extremely great; they are to be counted by millions. All 
these quanta have to be emitted by the radiating atoms, and 
here we may remark that we can more easily conceive a 
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continuous emission of them than one of corpuscles. These 
latter have always been regarded as substantial, whereas the 
light quanta are not material at all, being merely small 
amounts of energy; they may disappear by the transforma- 
tion of this energy into some other form, into heat for instance, 
and similarly they may start into existence provided only 
that the ejecting atom has a sufficient amount of energy at 
its disposal. According to an extreme form of the quantum 
theory not only would there be light quanta but they would 
be the only constituents of a beam of light, there being nothing 
like waves or vibrations outside them. If this were so, we 
should have to seek a new interpretation of the phenomena 
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of interference and diffraction that were so beautifully ex- 
plained by the old theory of optics. One has indeed tried to 
do so and with some success. Yet, to my mind, the difficulties 
which one encounters are so serious that no choice is left us 
and that this extreme form of the theory must be discarded. 

A single example will, I think, suffice to justify this con- 
clusion. 

Let us observe a diffraction phenomenon produced by 
means of very feeble light. A small opening O (Fig. 1) in an 
Opaque screen A may serve as source of light and a second 
hole P in a screen B as the diffracting opening. We observe 
the diffraction image or pattern on a third screen C at some 
distance behind B. 
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The image shows a distribution of light and darkness 
which depends on the shape of the opening in B and which 
can be perfectly calculated by means of the formulae given 
by Fresnel. These enable us exactly to determine in all its 
details the delicate structure of the beam of light behind 
screen B, of which we see different sections when we displace 
screen C parallel to itself. 

Now, suppose that the effect, the light which we see, is 
due to quanta. Then, either they must move in such a way 
that they can reach only the bright places on screen C or, if 
they -can come to all points, it must be only at the bright 
places that they are able to illuminate the screen. The first 
alternative would require that the quanta be properly guided 
in their course, and if there were nothing else, this ought to 
be done by some mutual action. The possibility of this, 
however, must be excluded because one can easily realize 
circumstances under which the number of quanta to be found 
at any instant between the planes B and C is very small so 
that they are too far apart to act upon each other as would be 
required. | 

I had a case, for instance, in which from the intensity of 
the light and the known magnitude of the quanta I deduced 
that, per second, about seventy millions of them passed 
through the opening in the screen B. If we take into account 
that they move with the speed of light and that therefore 
those that pass in a second are distributed over a length of 
three hundred millions of metres, one sees that in the case 
considered the mean distance of successive quanta along the 
beam was about 400 cm. As the distance from B to C in the 
experiment which I have in view was no more than 16 cm., 
the number of quanta present in the beam between B and C 
was on an average 0.04. This means that most times there 
was in this space no quantum at all; at some instants there 
will have been one quantum between the two planes and some- 
times there may have been two or more of them, but this 
must have been a very rare occurrence. 

We may conclude from this that there can be no question 
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of the motion of the quanta being controlled by some mutual 
action. There must be something of another kind which 
determines their course. Similarly, if we choose the other 
alternative just mentioned, there must be something else 
besides the quanta, on which it depends whether or not they 
shall be able to illuminate the screen. 

Now this “‘something’’ must account for all the details 
of the diffraction phenomena which we can calculate with our 
old wave-theory and so it seems to me very natural to assume 
that, if there are quanta, which I shall not deny, there must 
be besides them something like the ordinary radiation field 
with which we have long been familiar. For this reason and 
for the sake of briefness, I shall now dismiss the light quanta 
altogether and shall simply speak in what follows of the 
emission of vibrations. 

I shall put before you four different theories of this emis- 
sion, the one that was universally accepted until thirteen 
years ago, the most remarkable theory developed by Bohr 
in 1913, the “dynamics of matrices,” as it is called, which 
we owe to Heisenberg, Born, Jordan and Dirac, and, finally, 
a theory that was put forward by Louis de Broglie and in the 
evolution of which Schrödinger had a great part. 

In the oldest of these theories, the ‘‘classical’’ one as it 
is often named now, the atoms were supposed to contain 
small particles which have definite positions of equilibrium 
and can vibrate about them. Suitable assumptions were 
made concerning their masses and the forces acting on them, 
but as to their nature little progress was made, until one 
came to realize, and this was an important step, that they 
must be electrically charged. I may, perhaps, briefly review 
the grounds on which this latter assumption is based. 

In the first place one learned to know by Maxwell's theory, 
that the waves of light are of the same nature as the waves 
observed by Hertz or as those that are used in wireless teleg- 
raphy. The wave-length of light is much smaller, but the 
general laws for its propagation are identical with those of 
the clectromagnetic waves. One might suppose therefore 
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that the light waves have their origin in something comparable 
with the alternating electric currents in a Hertz vibrator, or 
in the aerial of a wireless installation. 

In the second place, a celebrated experiment made by 
Rowland has shown that the same effects that are produced 
by conduction currents in a metal can be brought about by 
what is called a convection current, namely by the motion 
of a charged body. A charged hard rubber disc, rapidly 
rotating in its plane, deflected a magnetic needle suspended 
at some distance in exactly the same way as could be done by 
a current flowing in a circular coil. “The experiment has been 
repeated in many different forms and there can be no doubt 
that, when a charged sphere, for instance, is moved to and 
fro along a straight line it will produce waves of the same 
kind as can be obtained by an alternating current along that 
line. Something like this sphere, on a much smaller scale, a 
minute particle carrying an electric charge and vibrating in 
the interior of an atom, might well be the origin of the light 
which the atom radiates. 

There are many other grounds for the assumption of small 
charged particles, ions or electrons as they have been called. 
The hypothesis makes it possible also to understand the 
phenomenon of the absorption of light, which is the inverse 
of the radiation and which we shall also have to consider. 
It is immediately clear that now part of the motion existing 
in the incident waves is communicated to the body. Thus, 
in this case, particles must be set vibrating by the light and 
this is what can be expected when they carry electric charges. 
According to Maxwell’s theory the beam of light is the seat 
of rapidly alternating electric forces and by definition such a 
force is one by which a charged body can be set into motion. 

I think you now see the main features of the picture which 
the old theory gave us of optical phenomena. The charged 
particles in a luminous body are drawn towards their positions 
of equilibrium by forces, proportional to the distances over 
which they have been displaced from these positions. So 
each of them can vibrate with a definite frequency, just as an 
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ordinary pendulum or a tuning fork, and by this the frequency 
of the emitted radiation is likewise determined. If now, this 
radiation falls on the matter of a ponderable body, different 
things may happen, but at all events the beginning will be 
that the electrons or ions in the body are set vibrating. If 
the body is found to be not wholly transparent, we may con- 
clude that there is some kind of resistance opposing the regular 
motion and converting it more or less into the irregular agita- 
tion which manifests itself as heat. In a transparent body 
like air or glass there is no such resistance and then it is 
found theoretically that the optical properties, namely the 
velocity of propagation in the body and the index of refraction 
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are determined by the amount to which the electricity in the 
body is displaced by the periodically changing electric force 
in the beam to which it is exposed. If, under the action of 
a given alternating electric force, there is a-considerable dis- 
placement of electricity in the direction corresponding to 
that of the force, we shall have a small velocity of propagation, 
showing itself in a high index of refraction. 

This old theory certainly had a great beauty though it 
must be owned that its success was largely due to the fact 
that, not knowing very much about the structure of atoms, 
physicists felt free to make, concerning the particles and the 
forces that act upon them, just the hypotheses that best 
suited their purpose. Let me give you one or two examples 
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of what could be done with the theory and then point out 
to you its great failures. 

I may mention as a success the explanation of different 
phenomena by means of the principle of resonance. What 
I want to say is best illustrated by a simple experiment. 
Let ns (Fig. 2) be a small compass needle and let the south 
pole of a bar magnet be moved to and fro along the line AB 
situated in the horizontal plane in which the needle can move 
and at right angles to its direction of equilibrium ms. The 
motion imparted to the needle will then depend on the relation 
between the frequency of its free or natural vibrations, i.e. 
those which it can perform under the sole action of terrestrial 
magnetism, and that of the oscillations of the pole P. If, first, 
P is kept fixed in any position on AB, the needle will take a 
new position of equilibrium the end n being deflected towards 
the right when P is on the side B, and towards the left when 
P is on the side A of the middle point O. When, next, the 
pole P is slowly moved to and fro, the needle obediently 
follows it, being at any moment nearly in the position of 
equilibrium corresponding to the place of P at that moment. 
The amplitude of these “forced” vibrations is found to in- 
crease when, by raising the frequency of P, we make it 
approach that of the free vibrations of the needle. This goes 
so far that, when the two frequencies have become equal, 
the amplitude would become infinitely great in the ideal case 
of no resistance. But most curious and at first sight some- 
what strange is what happens when we make the pole P 
oscillate more rapidly than corresponds to the natural fre- 
quency of ms. The forced vibrations then take a phase 
opposite to what we had first, so that at a definite moment 
the needle is deflected in a direction opposite to that in which 
it is drawn by the pole P. The end n will be on the right- 
hand side when P is near A, and on the left-hand side when 
P is near B. Again the amplitude of the forced vibrations 
will be greatest when the difference between the two fre- 
quencies is small. Let us now apply this to the propagation 
of light in a body, replacing the force due to the magnetic 
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pole P by the alternating electric force existing in a beam of 
light and the magnetic needle by the movable particles in the 
body. We shall suppose that there are various kinds of such 
particles, with different natural frequencies and that the dis- 
placement of electricity by the motion of all these kinds 
together is in the direction corresponding to that of the electric 
force. Let us now, however, see what contribution to this 
general displacement is due to the particles of one particular 
kind. These will have, just like our magnetic needle, a 
definite frequency of their own, say no, and if the frequency of 
the incident light had exactly this value, we should have the 
maximum of resonance. The resistance to the vibrations, 
some kind of which we can imagine always to exist, will give 
rise to an absorption which now will be greater than for any 
other frequency of the incident light. Thus, if while light 
falls on the substance, we shall have in the spectrum of the 
transmitted rays an absorption band, the middle of which 
has a position corresponding to the natural frequency of the 
group of particles considered. 

Suppose, now, that the frequency of the incident light is 
somewhat smaller than no. Remembering what we saw in 
the case of the magnetic needle we can easily foresee that the 
particles in question will be displaced in the direction in 
which they are driven by the electric force. Hence, owing 
to this group of particles, the displacement of electricity in 
the direction of the electric force will be greater than it would 
be without them. The reverse will occur when the frequency 
of the incident light is greater than no. Then, at any mo- 
ment, the particles now considered will be displaced in a 
direction opposite to that in which they are driven by the 
electric force and this will tend to diminish the total displace- 
ment which we have supposed to be in the direction corre- 
sponding to the electric force. Finally, if we take into account 
the relation between the displacement of electricity and the 
index of refraction, we see that the presence of particles with 
the natural frequency no will increase the index of refraction 
for light whose frequency is below 7) and diminish it for rays 
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whose frequency is above that value, both effects diminishing 
when n recedes from no because by this the amplitude of the 
vibrations set up by the electric force becomes smaller. 

These conclusions have been amply confirmed by experi- 
ment and all the phenomena of dispersion, i.e. those in which 
we are concerned with the way in which the velocity of 
propagation depends on the frequency, can be very satis- 
factorily explained on this basis. 

The second problem in which the old theory has had, one 
may say, a brilliant success, is that of the scattering of light 
by the molecules of a body, if they are irregularly distributed 
over space, as is the case in liquids and gases. The movable 
charged particles contained in the molecules are set in motion 
by the incident light and thereby become themselves centers 
of emission. Consequently, the light does not remain con- 
fined to the direction of the incident beam; part of it is 
thrown sideways in different directions, and this of course 
implies a diminution of the intensity of the light that con- 
tinues its course in the original path. The two phenomena, 
the “extinction ” as the beam proceeds, and the scattering, are 
so closely connected that the degree to which one of them 
takes place follows directly from the numerical value that 
measures the other. Both are determined by what is known 
as the ‘‘extinction coefficient,’ the definition of which is as 
follows. 

Let the intensity of a beam be measured by the amount 
of energy that is carried across a section per unit of time, and 
consider its diminution when the beam goes forward over a 
small distance /. Dividing this diminution by the length of l 
one finds the extinction per unit of length, and division of this 
by the intensity such as it is at the beginning of the distance / 
will give one the extinction coefficient k. If, for instance, 
k = 0.001, the intensity will decrease by one-thousandth part 
of its amount, when the rays go forward over a distance of a 
centimeter. 

The coefficient of extinction is given by a celebrated 


theoretical formula which we owe to the late Lord Rayleigh, 
namely 
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where m = 3.1416; N is the number of molecules per unit 
of volume, A the wave-length of the light and p the index of 
refraction. 

The equation has been verified by accurate measurement 
of the extinction in gaseous media and the values of N to 
which it leads are in good agreement with the results obtained 
in other ways. But I must now call your attention to the 
deficiencies of the old theory. One of its worst failures was 
that it could not account for the structure of spectra, I mean 
to say, for the regularity in the spectra which shows itself in 
the numerical relations between the frequencies of the lines. 
The analogy with the phenomena of sound, on which much 
stress was laid in the old theory, was rather misleading than 
helpful when one tried to understand these relations. 

Every one knows that a stretched string can give a series 
of tones, the fundamental tone and the upper harmonics, 
each of which is produced by a particular mode of vibration. 
The frequencies of these tones are proportional to the natural 
numbers I, 2, 3, +++, a law which was deduced long ago from 
a mathematical theory which also made it possible to calcu- 
late the pitch of each tone when one knew the tension of the 
string and its mass per unit of length. By means of a similar 
theory, only of somewhat greater mathematical complexity, 
we can determine the modes of vibrations of other systems, 
of stretched membranes, for instance, and of rods or spheres 
of elastic substances; in these cases also the ratios between 
the frequencies of the different tones, though in general less 
simple than in the case of the string, can be completely 
accounted for. Now, the existence, in the spectrum of a 
gaseous body which is a chemical element, of a certain number 
of lines, clearly shows that, just as vibrating bodies of the 
kind I have mentioned, atoms of a definite constitution can 
send forth waves of different frequencies. It was natural to 
expect, here also, some numerical relation between the fre- 
quencies; and such a relation has really been brought to light; 
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its form, however, is such that it has baffled all attempts to 
deduce it by considerations like those used in the theory of 
elasticity. 

It will suffice for our purpose to discuss the simplest case, 
the ordinary spectrum of hydrogen glowing in a Geissler tube. 
It consists of a series of lines, which are ordinarily distin- 
guished by the letters a, B, y, ---. The line « is seen in the 
red; 8 and y are likewise in the visible spectrum and the 
remaining ones have their places in the ultraviolet. The 
law which governs their positions, was discovered, half a 
century ago, by the Swiss physicist, Balmer. It has been 
found to be in perfect agreement with the observations; in 
fact, it is equalled in this respect by few other physical laws. 

We can express Balmer’s law by saying that the frequencies 
of the lines a, $, y, ++- are proportional to the quantities 
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the series of which you can easily continue, the formation 
of the successive terms being at once apparent 

It is seen immediately that, as we proceed in the series, 
the terms, though continually increasing can never go beyond 
the lines 4, which, of course, implies that the differences 
between successive frequencies become continually smaller 
and tend towards zero. These differences are proportional 
to the quantities 
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This means that as we pass through the spectrum from 
the side of the red to that of the violet the lines are more and 
more crowded together (Fig. 3) and that there is a limiting 
position p to which they come very closely but which they 
cannot wholly reach. Series of lines presenting these same 
features are found in the spectra of other elements and we are 
undoubtedly concerned here with something quite essential 
and fundamental. Now, this remarkable structure is wholly 
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beyond the powers of the classical theory; it is impossible 
to explain it by any assumption about particles vibrating 
about positions of equilibrium. 


FIG. 3. 
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I should now like to say some words of the wonderful 
theory by which Bohr has explained the hydrogen spectrum. 
He did so without having to imagine a structure of the atom 
specially invented for the purpose. The starting point was 
the idea, already put forward by Rutherford, that the hydro- 
gen atom consists of a positively charged nucleus and a 
negatively charged electron circulating around it. The mass 
of the nucleus is about 1850 times that of the electron and 
therefore, in a first approximation the nucleus may be sup- 
posed to remain at rest. The electron is attracted by it 
with the ordinary electrostatic force, the law of which is the 
same in form as that of gravitation, the intensity of the force 
being inversely proportional to the square of the distance. 
Thus, the case is much like that of a planet moving around the 
sun; the electron will in general move in an elliptical orbit. 
Eventually the orbit may be a circle, and, again for the sake 
of brevity, we shall confine ourselves to orbtis of this kind. 
The consideration of elliptical orbits would give us the same 
result. 

Now, how can we, with this simple model of the atom, 
explain a law so complicated as Balmer’s? Bohr has per- 
formed this by making two bold assumptions, the one referring 
to the state of motion of the electron and the other to the 
emission of radiation. 
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In Planck’s theory of the radiation of heat it had been 
assumed that each of the vibrators which give rise to this 
phenomenon can only have one of certain definite amounts of 
energy, namely, one of the amounts hn, 2hn, 3hn, etc., where 
h is the constant which we know already and n the frequency 
of the vibrator. Similarly, among all the circular motions 
of his electron of which one can think, Bohr singles out certain 
specified ones, assuming that these are the only ones that 
really occur; he calls them the ‘‘stationary motions.” The 
selection is made by the introduction of a condition very 
similar to the one to which we just now subjected the motion 
of the vibrator; in a sense, it is the same condition adapted 
to the circumstances of the new case. 

Both the vibrator and the atom of hydrogen have, in each 
of their states of motion, a definite amount of energy and for 
both we can distinguish between the kinetic energy and the 
potential energy. Let us compare these parts of the energy 
in the two cases, not forgetting that in the expression for the 
potential energy there is always an arbitrary constant; this 
is unavoidable because we are free to choose the position in 
which the potential energy is said to be zero and with which 
all other positions are compared. The indefiniteness will 
not affect our results, because these will depend on the 
differences only between the values of the energy in different 
states. 

The kinetic energy of a moving mass is always given by 
the product of its magnitude and half the square of the 
velocity. It is constant for the electron moving in the circle, 
whereas for the vibrator it oscillates between zero and a 
certain maximum value; we may in this case speak of its 
mean value during a full period. 

The potential energy of the vibrator—we may think here 
of an ordinary pendulum because the same is true for all 
kinds of vibrators—has its smallest value in the position of 
equilibrium. If this value is taken to be zero, the potential 
energy will be positive in all other positions and it may be 
shown that its mean value will be equal to that of the kinetic 
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energy. Hence, if we take half the total energy we shall 
have the mean value of each of the two parts. 

In the hydrogen atom the potential energy increases when 
the electron gets farther away from the nucleus. It has its 
greatest value at infinite distance and if we denote this by C 
we have, for any finite distance, to diminish C by a certain 
amount, which we may call the wanting potential energy and 
which turns out to be inversely proportional to the distance. 
According to a theorem well known in dynamics the kinetic 
energy is now equal to half this wanting potential energy, 
so that the total energy is obtained when we diminish C by 
half the wanting potential energy. Thus, the total energy 
increases with the radius of the orbit. If the atom is given 
in one of its modes of motion, it will require some work to 
remove the electron to a great distance, even if we are satisfied 
with having it there without any kinetic energy. 

Now, Bohr’s assumption may be expressed in the same 
form as Planck’s if we fix our attention upon the kinetic 
energy. Instead of saying that the total energy of the vibra- 
tor must be a multiple of hn, we may just as well require 
that the mean kinetic energy be a multiple of hn. In the 
case of the hydrogen atom, we can understand by frequency 
the number of revolutions per unit of time and now, if n is 
given this meaning, Bohr’s hypothesis amounts to this, that 
the circular motion must be such that the kinetic energy is 
just a multiple of ġhn. We shall write for it k-3hn, k being 
an integral number. 

By this, the stationary states are completely defined, 
and the total energy will be known for each of them because 
the kinetic energy has been determined. If, after all, the 
formulae become somewhat less simple than they are for the 
vibrator, it is only because now the frequency, n, is not a 
constant, but depends, according to Kepler’s third law, on 
the radius of the orbit. 

Working out the necessary calculations one finds for the 
energy of a stationary state 

c-4, 
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where the constant A has the value 
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In this equation m is the mass of the electron and e its 
charge, whose magnitude is equal to that of the charge of the 
nucleus.? The different stationary modes of motion are 
characterized by the values I, 2, 3, ++- of the quantum 
number “k.” I may add that the radii of the orbits are in 
the ratios of I, 4,9, =». 

I now come to Bohr’s second assumption. The atom is 
supposed not to radiate so long as it is in one of its stationary 
states. An emission of light takes place only when there is 
a transition from one of these states to another in which the 
energy has a smaller value. In such a transition or jump 
the atom loses a certain amount of energy and this energy is 
radiated. As to the frequency of the radiation, it is supposed 
to be the one that is associated with the amount of energy 
just mentioned. Thus, if E is the energy of the atom before 
the transition, in the first stationary state, and E’ the energy 


A 


? Let r be the radius of the orbit and v the velocity of the electron. The 
force with which the electron is attracted by the nucleus is 


e? 
n?’ 


so that by the law of circular motion, one has 


me E 
r r 
The frequency is 
v 
"= On 


and the quantum condition requires that 


mY = ikhn. 
From these equations one finds 
pr? 
— rme 
and 
2x?me* 
ee ae 


This ts also the value of 4 ° 
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after the transition, in the final state, so that E — E’ is the 
radiated energy, the frequency is 


E-F, 
h 


Following this assumption, we obtain the lines a, 8, y, 
- of the Balmer series, when we consider a transition from 
the third, or the fourth, or the fifth stationary state, and so 
on, always to the second state. Indeed, the energy in the 


third state is C — £ and that in the second C — Z , by which 


the frequency in the case of the first jump becomes 


Similarly, we find for the transition from the fourth state to 
the second 

Afi_ 1! 

(4716) 


etc. So we really find the ratios between the frequencies of 
the lines, exactly as they are according to Balmer’s law. 

But, in addition to this, the absolute values of the fre- 
quencies, and not only their ratios, can be calculated. If, as 
is usually done in spectroscopy, we use instead of the fre- 
quency n, the number of wave-lengths in a centimeter, which 


is = when c is the velocity of light, we must replace in our 


formulae - by 


A’ 2eme. 
h ch’ 


When, in this expression, we substitute for c, m, e and h 
their numerical * values, we find 109,000, whereas the value 
deduced from the measured wave-lengths of the lines is 
109,700. 


3c = 3, 100; m = 8.98, 10°78; e = 4.77, 10°; h = 6.55, 10°77, all in C.G.S. 
units, 


-aam n - 


Apr., 1928.] How Can Atoms RADIATE? 467 


Thus, Bohr has really calculated from known quantities 
the frequencies of the light emitted by a hydrogen atom, just 
as we deduce the frequency of a string from its tension, and 
its mass per unit of length. The agreement is so close that 
we can scarcely doubt that his formula is the right one. 

This theory of the hydrogen spectrum is certainly one 
of the greatest achievements in modern physics. It is also 
one of the most fruitful for it has enabled Bohr and those 
who worked along the same lines to give us an insight into 
the nature of spectra much more intricate than that of 
hydrogen. All over the world, spectroscopists are now using 
Bohr’s ideas for disentangling the multiplicity of spectral 
lines which otherwise would be most bewildering. 

Yet, there are many points which we do not understand 
so well as we might wish. According to the old theory the 
electron ought already to radiate while it performs its sta- 
tionary motion in a circle or an ellipse; in Bohr's theory, 
however, it is not allowed to do so, just because one wants the 
motion to be stationary. Then we should like to see how 
it is that only the selected stationary states, and no others, 
can exist in reality. And, finally, the frequency is simply 
deduced from the amount of energy that is available for 
radiation. We should certainly be more satisfied if in the 
picture there were something like a vibrator, as we formerly 
imagined it. In connection with this I must remark that the 
orbital motions themselves are periodic but their frequencies 
are wholly different from those of the emitted radiations. 
The red hydrogen line, for instance, is due to a jump from the 
third stationary state to the second. In these two states the 
frequency is = : and , 5 respectively, whereas the fre- 
quency of the emitted light is 


54 
36 h 
The three numbers are proportional to 8, 27 and 15. 
The difficulties which I pointed out to you now are so 
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serious that many physicists have been led to the idea that 
some radical change in our fundamental dynamical concep- 
tions will have to be made. I shall conclude with some 
remarks about two new and remarkable theories which have 
this tendency. 

The first of these theories has been developed by Heisen- 
berg, Born, Jordan and Dirac; it is usually called the 
dynamics of matrices. To my regret I can scarcely give 
you an adequate outline of it; I cannot even explain to you 
in a short time what mathematicians understand by a 
“matrix.” I must confine myself to the general idea under- 
lying the theory. 

When, following Bohr, we want to calculate the frequency 
of the radiation emitted by hydrogen, we proceed in three 
steps. First, we determine the motions, in elliptical or circu- 
lar orbits, that are possible according to ordinary mechanics. 
Then, we select among all these motions those which satisfy 
certain quantum conditions; these are the stationary states. 
Finally, we fix our attention on one of the transitions of 
which I have spoken. The difference between the values of 
the energy, before and after the transition, gives us the 
frequency of one of the spectral lines. The formula which 
we find for it, contains the charge e of the electron, its mass 
m and Planck’s constant h. 

Now, the fundamental idea of the physicists just men- 
tioned is this. We are not primarily concerned with the 
‘motion of the electron in the atom; what we want to account 
for, first of all, is the radiation that goes out from it. There- 
fore, now that we encounter so many difficulties, had we not 
better refrain entirely from examining the motion of the 
electron; could we not try, by some direct method of calcula- 
tion, to deduce the emitted frequencies from e, m and h? 
This is what Heisenberg, Born, Jordan, Dirac and others 
attempt to do and in which they have had a success that is 
very promising. They have established rules of calculation 
which really lead to the Balmer lines and which can be 
usefully applied to many other problems. Moreover, these 
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rules teach us something about the relative intensities of the 
lines, a point about which it would be very difficult to draw 
some information from, for instance, the old theory of vibrat- 
ing particles. 

So this matrix dynamics well deserves the attention that 
is now given it on many sides, the more so because in some 
cases, in which it does not lead to the same consequences as 
Bohr’s theory, observation appears to be in favour of it. 
It can, however, not be denied that, with regard to the 
Question how atoms radiate, we are almost farther from a 
solution than we were with Bohr’s theory; from the outset 
the question is purposely avoided, because it is considered as 
lying beyond what we can know, or want to know. 

On the other hand, the last of the theories on my list, 
tries again to give us a picture of the mechanism of radiation. 
It was originated by Louis de Broglie, who, some years ago, 
made an ingenious attempt somewhat better to understand: 
Bohr’s quantum condition. According to his views the mo- 
tion of the electron in a circle is accompanied by a progression 
of some kind of waves along that line. The frequency of 
these waves is the one that corresponds to the energy which 
we attribute to the electron, and the waves are supposed to 
have a certain velocity, not equal to that of the electron, but 
closely connected with it, the relation between the two 
velocities being as could be reasonably expected. Dividing 
the velocity of the waves by their frequency one finds the 
wave-length, i.e. the distance over which one must go forward 
in the direction of propagation to come back to the same 
phase of vibration. Now, it is clear that, when the waves 
are propagated along a circle, it is necessary that, at a chosen 
point of that line, one should find but one phase and not two 
different ones. This gives us the condition that the circum- 
ference of the circle must be just a wave-length or a certain 
number of full wave-lengths. When this is worked out one 
finds exactly the quantum condition of Bohr’s theory. 

Stimulated by de Broglie’s ideas, Schrödinger has further 
developed this “wave mechanics.” The electron in the hy- 
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rules teach us something about the relative intensities of the 
lines, a point about which it would be very difficult to draw 
some information from, for instance, the old theory of vibrat- 
ing particles. 

So this matrix dynamics well deserves the attention that 
is now given it on many sides, the more so because in some 
cases, in which it does not lead to the same consequences as 
Bohr’s theory, observation appears to be in favour of it. 
It can, however, not be denied that, with regard to the 
question how atoms radiate, we are almost farther from a 
solution than we were with Bohr’s theory; from the outset 
the question is purposely avoided, because it is considered as 
lying beyond what we can know, or want to know. 

On the other hand, the last of the theories on my list, 
tries again to give us a picture of the mechanism of radiation. 
It was originated by Louis de Broglie, who, some years ago, 
made an ingenious attempt somewhat better to understand: 
Bohr’s quantum condition. According to his views the mo- 
tion of the electron in a circle is accompanied by a progression 
of some kind of waves along that line. The frequency of 
these waves is the one that corresponds to the energy which 
we attribute to the electron, and the waves are supposed to 
have a certain velocity, not equal to that of the electron, but 
closely connected with it, the relation between the two 
velocities being as could be reasonably expected. Dividing 
the velocity of the waves by their frequency one finds the 
wave-length, 1.e. the distance over which one must go forward 
in the direction of propagation to come back to the same 
phase of vibration. Now, it is clear that, when the waves 
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drogen atom now disappears from the stage; it is replaced 
by something that is distributed all over the space surrounding 
the nucleus, though its density, if I may so call it, rapidly 
diminishes as the distance from the nucleus increases. This 
“atmosphere” can be the seat of certain changes comparable 
with wave motions which Schrödinger determines by means 
of a properly chosen equation; he calls this the wave equation. 
From it he deduces numbers equal to the values of the energy 
in Bohr’s stationary states. Furthermore he has been able 
to assign to any point of the atmosphere a certain quantity 
which may be considered as the density of an electric charge. 
Its values are such that the total charge is equal to that which 
formerly was attributed to the electron, so that now, at 
distant points, the action of the nucleus is neutralized by 
that of the atmosphere. Finally, the wave equation shows 
that there can be cases in which the distribution of electric 
charge is not invariable but fluctuates periodically with a 
frequency just equal to that of the radiations emitted by the 
atom. These fluctuations can give rise to electromagnetic 
waves much like those which we produced by the motion of 
charged bodies. If all this is true we really have here, in a 
formerly unexpected form what we wanted to attain in the 
classical theory, a radiation that is the direct consequence of 
real periodic changes in the atom. 

Schrödinger’s theory has a great beauty and I fear I did 
but poor justice to it in my attempt to present part of it in 
plain words. By a curious coincidence it is in many respects 
mathematically equivalent to the dynamics of matrices so 
that in their further development the two theories have many 
times gone side by side. Schrödinger has developed his 
ideas to a considerable extent and has applied them to many 
interesting questions. Yet, with all due appreciation, I must 
lay stress upon some outstanding difficulties, which, I must 
not forget to add this, Schrödinger himself perfectly realizes. 
The first is this. The wave equation expresses the influence 
which, in virtue of its electric charge, the nucleus has on the 
changes going on in the atmosphere. Now, since the charge 
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distributed over the atmosphere is of the same nature as that 
of the nucleus, only with the opposite sign, and as similar 
actions go out from it, because at a distant point, it counter- 
balances the force exerted by the nucleus, we should expect 
some mutual action between the different parts of the atmos- 
phere, one part having, by its charge, an influence on what 
takes place in the other part. These mutual actions, how- 
ever, have been formally excluded. If we took them into 
account, we should no longer find Balmer’s series. 

Doubts may also be raised as to the spreading out of the 
charge of the electron over a space of the dimensions of the 
atom. A distribution of this kind, could, if it existed, be 
hardly limited to the hydrogen atom. Now, there are many 
cases in which a charge can be removed from an atom and 
in which after its expulsion it behaves as the ordinary free 
electrons. It would therefore become necessary to assume 
that, according to circumstances, the charge may be either 
concentrated in the shape of an electron, or much more widely 
diffused. 

I need scarcely add that in making these remarks I do 
not in the least mean to disparage the value of the new 
theories from whose further development certainly much may 
be hoped. 
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Gravimetric Determination of Potassium as Potassium 
Perchlorate.—J. P. MEHLIG of the Oregon State Agricultural 
College (Jour. Chem. Education, 1927, 4, 1537-1543) recom- 
mends the gravimetric determination of potassium as po- 
tassium perchlorate. The method is very economical, very 
easily carried out, sufficiently accurate for all industrial 
analyses, gives good results in the hands of beginners, and may 
readily be applied to soils. The results compare very 
favorably with those obtained by the chloroplatinate method. 
Recovery of platinum is eliminated; and soils may be fused in 
silica crucibles. J.S. H 


Behavior of the Anthocyan Pigments in Canning.— 
CHARLES W. CULPEPPER and JOSEPH S. CALDWELL of the U. 
S. Bureau of Plant Industry (Jour. Agric. Research, 1927, 35, 
107—132) have made an exhaustive study of the violet, pink, or 
purple discoloration which occurs when certain fruits and 
vegetables are canned in tin. With some materials, the 
discoloration occurs regularly and is accepted as a matter of 
course. With other materials, the discoloration is occasional 
and sporadic, causes rejection of the product as unfit for food, 
and thus gives rise to economic loss. The discoloration occurs 
in tin cans, either plain or enameled, but not in glass con- 
tainers. The discoloration develops only in vegetables and 
fruits, which contain red anthocyan pigments, as a result of a 
reaction between the pigment and tin dissolved from the can, 
with the formation of a violet complex metallic compound of 
anthocyan. The formation of this compound is favored by a 
low acidity of the medium, and is retarded or prevented by a 
high acidity. Use of enameled cans tends to reduce dis- 
coloration and preserve the original color of red fruits, but also 
tends to favor perforation of the container by limiting the area 
of metal attacked by the fruit acids. Every substance 
canned presents a specific problem. J. S. H. 
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THE problem of the recombination of positive ions and 
electrons has in the past been studied chiefly by optical 
methods. The authors of these researches investigated the 
behavior of the continuous spectrum at the end of the atomic 
series under various conditions. The conclusion which they 
arrived at from this work was that the continuous spectrum 
is emitted with a sufficiently great intensity to enable the 
spectrum to be observed, provided the density of slowly 
moving positive ions and electrons is great enough. 

In the first part of this paper I wish to raise the question 
as to whether it is possible that such a continuous spectrum 
at the end of a series can also be emitted under conditions 
by which normally a recombination of free positive ions and 
electrons does not occur. 

I propose to discuss this question by advancing the 
hypothesis that this continuous spectrum at the end of the 
series may also be emitted by a process which I shall term 
anittal recombination. This process may be described as 
consisting of a recombination between an ion and its own 
electron under conditions such that the electron is never 
really free. Such an hypothesis makes it possible to under- 
stand some features of the intensity of light emission among 
arc lines as a function of the velocity of the electrons which 
excite the atoms. 

The excitation probability of quantum transitions has a 
large value for two regions of kinetic energy of the bombarding 
electrons. One region has been investigated by the method 
of electron impacts and lies in the neighborhood of the 
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minimum excitation potential of the electrons. We know 
that in this region the probability of a given transition rises 
from a threshold value to a maximum in the neighborhood 
of this threshold and then rapidly falls to small values. For 
instance, let us consider the excitation of the line 2,537 Å. in 
mercury. The emission begins at 4.9 volts. The maximum 
is in the neighborhood of six volts and with 15-20 volts the 
intensity is weak. If we compare a transition which is an 
allowed transition in the case of light absorption with a 
transition which is forbidden according to the correspondence 
principle, we find that the forbidden transition takes place in 
the case of electron impact with a yield which is much smaller 
than that for the allowed transition; while the region of 
kinetic energy of electrons in which the probability of excita- 
tion is different from zero is much smaller than in the former 
case. According to the correspondence principle we should 
expect such a behavior. 

The other region of energy where the probability of 
excitation is great is one with much greater electron velocities 
(50-300 volts). In these the intensity of the excitation of arc 
spectra is great and this part of the so-called ‘“‘anregungs- 
funktion” is not related to the low voltage portion discussed 
above. The intensity at higher velocities is much greater 
than we would expect from an extrapolation of the lower 
velocity curve, and the difference between allowed and for- 
bidden transitions vanishes. For instance, Dymond, using 
impacts of electrons from I00—1,000 volts, studied the in- 
tensity of the orthohelium and parhelium spectrum and 
found that both have nearly the same intensity. This is not 
in agreement with the behavior noted above for slowly moving 
electrons. The normal state of helium is the parhelium state 
and therefore transitions to orthohelium which are not allowed 
by the correspondence principle should occur with a much 
lower probability. 

One would naturally try to explain light emission in this 
case as before, by making the assumption that recombination 
is responsible. Seeliger, who studied the excitation of spectra 
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by more rapidly moving electrons in the negative glow in the 
neighborhood of the cathode in an electric discharge, also 
came to the conclusion that recombination is after ionization 
by rapidly moving electrons the source of light emission. If 
we make this assumption it is to be expected that the intensity 
of light will be greater with the voltage which gives a greater 
number of ionizing processes, which is in a measure true. 
Furthermore this explains the observed result that parhelium 
and orthohelium have nearly the same intensity, since with 
recombination the probability of building a parhelium atom 
or an orthohelium atom should be practically the same. 

The explanation of these phenomena on the basis of 
recombination, however, presents one serious difficulty. This 
difficulty arises from the fact that the intensity of light 
emission is apparently uninfluenced by applied electric fields 
which should be great enough to prevent normal recombi- 
nation. Moreover if we observe the behavior of a bundle of 
cathode rays in a gas at low pressure, we notice that the light 
emission takes place practically only within the sharply 
defined path of the electrons themselves and not in the 
region surrounding this beam in which the number of electrons 
and ions is practically the same as in the beam itself, as a 
result of diffusion processes. The difficulty disappears if we 
make use of the hypothesis of an znztzal recombination. We 
should, with such a process, expect this ¿initial recombination 
to have a probability which has the same order of magnitude 
as a normal recombination and to be relatively little influenced 
by external fields. In the case of a normal recombination an 
electron which enters into the sphere of influence of the 
positive ion has the possibility of emitting light by the 
acceleration which takes place under the influence of the 
positive charge of the ion. If the quantum hv which is 
emitted is sufficient, then the transition from an open orbit 
to a closed orbit takes place. If we study ionization processes 
by light absorption or by electron impact, each electron which 
is expelled from the atom has to go through this arca of 
influence of the positive ion. The difference from normal 
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recombination is that in this case the actual acceleration by 
the positive ion has a negative sign. Therefore we should 
expect that the electrons which originally received an amount 
of energy which is large enough to enable them to leave the 
ion may in some cases be recaught before the escape. Under 
these conditions the first act is the transfer of energy to an 
atom sufficient to ionize the atom. The second process is 
emission of one of the frequencies which belong to the con- 
tinuous spectrum at the end of the series, due to the return 
of the electron which started to leave the atom to its parent 
atom by an initial recombination to one of the outer orbits. 
The result is an atom which is more or less excited and emits 
spectral lines of the arc. The influence of an outer electric 
field under these conditions would be comparatively small, 
because the electron does not describe a whole mean free 
path in which it is accelerated by the outer electric field, but 
it is always under the influence of the intense field of the 
positive ion. It would be interesting to test the hypothesis 
by studying the intensity of the continuous spectra emitted 
under conditions under which normal recombination does not 
take place. Experiments which we have undertaken during 
the last month in our laboratory have up to the present time 
not yielded a positive result. It seems that the experimental 
conditions were not yet good enough to give a sufhciently 
great intensity of spectral emission. 

Another point to which I wish to refer also deals with 
recombination. Recombination can take place between an 
electron and an ion under conditions where either the electron 
loses energy by radiation, which is the case we considered in 
the first part of the article, or through loss of energy of the 
electron by a triple impact between a positive ion and two 
electrons, in which the surplus energy of the one electron is 
communicated by some process to the other electron, which 
therefore gains energy. It is the process of the recombination 
through triple impact which I am going to discuss. This 
process, as is very well known, is the reverse of the process of 
ionization by electron impact. According to a principle first 
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proposed by Klein and Rosseland the recombinations through 
such a triple impact should occur with the same probability 
as the ionization by electron impact when thermal equilibrium 
exists. Experimentally this effect has not until now been 
observed with the experimental arrangements which are used 
in the laboratory. It seems to me, however, that the existence 
of this type of recombination and also the occurrence of other 
triple impacts between electrons and positive ions may be 
responsible for some very important results recently obtained 
by Langmuir. Langmuir studied the velocity distribution of 
a beam of electrons which passes through a highly ionized 
gas at low pressure. He found that the velocity distribution 
of these electrons is changed in such a manner that a 
Maxwellian distribution is superimposed on the velocity distri- 
bution which is present in the absence of the highly ionized 
gas. The amount of energy which these so-called primary 
electrons receive and lose becomes very high when the 
conditions are properly chosen. For instance, a beam of 200 
volt rays shows a velocity distribution in which electrons 
with a velocity of 250 volts or more occur, while on the other 
hand electrons with 100-150 volts velocity are also present. 
The great majority of the electrons change their velocity by 
small amounts but each electron has its velocity really 
changed. This presents a difficulty in that this process takes 
place under conditions for which the mean free path of the 
electrons in the non-ionized gas is much larger than the 
diameter of the discharge bulb. Several attempts to give an 
explanation of this effect through the assumption of electrical 
oscillations or by fluctuations of space charge are not in 
accordance with the results of Langmuir. If we wish to 
explain these results by the assumption of triple impacts, we 
must bear in mind that triple impacts between the primary 
electrons, ions and the very slowly moving electrons found 
throughout the volume (Langmuir’s ultimate electrons) cannot 
be responsible for this effect. For beside the necessity of 
having an appreciable velocity in order to enter into the 
interaction in triple impacts we have experimental evidence 
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for this statement. If two parallel beams of primary electrons 
of different velocities are produced in a bulb, we find that 
unless the two beams are very close together the velocity 
distribution in one does not influence that in the other. 
Since the only electrons diffusing over large distances are 
the ultimate electrons, it is seen that the changes in velocity 
distribution cannot be caused by these. On close approach 
of the beams, however, electrons of higher velocities go from 
one beam to the other so that the distributions in each beam 
influence the other. Thus the triple impacts which are to 
explain these experiments must be those between primary 
electrons, faster secondary electrons and ions. The secondary 
electrons have a velocity which is much greater than that of 
the ultimate electrons. They are generated in ionizing im- 
pacts of primary electrons and atoms and preserve their 
energy only in the neighborhood of the path of the primary 
rays. The triple impact between such secondary electrons, 
the primary electrons and an ion is just the reverse of an 
ionizing process which largely accounts for the larger energy 
losses of primary electrons. In the triple impact of this 
type, if recombination results, the primary electron leaves 
with an energy greater than it originally had, and one has an 
excited atom. The transfers involving larger energy changes 
can occur only if the three bodies come within a relatively 
small distance of each other, and they should accordingly be 
relatively rare. As a matter of fact, the abnormally high 
velocities observed by Langmuir are infrequent compared to 
the exchanges involving small energy losses. The greater 
proportion of the primary electrons suffer small alterations of 
energy. So far as these alterations are gains of energy the 
process which takes place must be a triple impact between 
primary electrons, secondary electrons and an ion in which 
the secondary electron does not combine with the ion but 
suffers only a small energy loss which is gained by the primary. 
Smaller and greater energy losses we need only consider 
ionization processes of normal and excited atoms. The higher 
the degree of excitation the greater the effective radius of the 
atom and the more frequent and smaller the energy losses. 
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Provided that the hypothesis that triple impacts are 
responsible for the phenomena proves tenable, then Lang- 
muir’s method of studying the velocity distribution should 
determine the yield of these triple impacts. This is of great 
importance not only for the questions of the discharge of 
electricity through gases, but also for astrophysical questions. 
This paper will be published in greater detail in the Zett- 
Schrift fur Physik. 
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A Case of Double Reflexion. E. T. S. APPLEYARD and 
H. W. B. SKINNER. (Proc. Cambridge Phil. Soc., Vol. 23, 
Pt. 8.) An isosceles right-angled quartz prism was made, 
the optical axis of the quartz being perpendicular to one of 
the short sides adjacent to the right angle. ‘‘The prism has 
the property that it gives two images when light enters 
perpendicular to one of the faces and, after internal reflexion 
at the hypotenuse, passes out at right angles to the other 
face.” Both the incident and the emergent rays would 
seem to meet the quartz surfaces at right angles and there is 
no double refraction because the crystal is uniaxial. ‘‘The 
effect was due to double reflexion at the hypotenuse of the 
prism. In the case of ordinary reflexion, for example from 
a glass surface in air, the equality of the angles of incidence 
and reflexion depends on the equality of the velocities of 
light before and after reflexion. In the case of the quartz 
prism, for the ordinary ray these two velocities are equal; 
for the extraordinary ray they are not, since before reflexion 
the light is going (for instance) parallel to the optic axis and 
after reflexion perpendicular to it. Thus there are two 
reflected rays; for one the angle of incidence is equal to the 
angle of reflexion, but for the other it is not.” The angular 
separation of the two reflected rays is only about 1/3 of a 
degree. It makes no difference whether the light enters the 
prism in the direction parallel to the axis or perpendicular to 
it. The authors have not succeeded in finding any reference 
in standard works to the effect that they have explained. 

Owing to the rotation of the plane of polarization by the 
crystal the condition of the two emergent rays in respect to 
polarization depends upon which of the two equal sides of 
the prism the incident light fell. If it entered parallel to 
the optical axis the two images seen are completely polarized. 
If it entered perpendicular to the axis both images are ‘‘ more 
or less unpolarized.” 


G. F. S$. 


NEW EFFECTS IN THE OPTICAL EXCITATION 
OF VAPORS.* 


BY 


R. W. WOOD, LL.D. 


Professor of Experimental Physics, Johns Hopkins University. 


IN a communication on the optical excitation of mercury 
vapor, which was published in the Philosophical Magazine for 
September, 1927, I drew attention to the circumstance that 
certain intensity ratios of some of the mercury lines could be 
explained only by assuming that the intensities of some of 
the emitted lines increased with the square of the intensity 
of the exciting light, while others increased with the cube. 
The reasonableness of this assumption was explained as 
follows: 

The vapor is excited by the total radiation of a water- 
cooled mercury arc. By the absorption of the radiation of 
wave-length 2,536 the normal mercury atoms are brought into 
the excited state with electrons on the 2p, energy level (or 
orbit). These atoms are in a condition to absorb the 4,358 
radiation, by which process they are brought into a higher 
excited state, the electrons being raised to the 2s level. 
From this level they may return to the lower levels 21, 22, 2p3, 
with the emission of the lines 5,461, 4,358 and 4,046. The 
atoms which were responsible for the emission of the green 
line 5,461 are now in the meta-stable condition with electrons 
on 2p,, and can absorb the radiations 3,650, by which they 
are brought to a still higher excited state with electrons on 
the d orbit. From this level the only transition which can 
take place is a return of the electrons to 2),, with emission 
of the line 3,650, and this is the only way in which this line 
can be optically excited. These transitions are shown in 


* Presented at the Conference at the Loomis Laboratories, in honor of Pro- 
fessor J. Franck, January 6, 1928. 
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Fig. 1, upward pointing arrow indicating absorption; down- 
ward pointing, emission. Suppose now we double the in- 
tensity of the exciting light by bringing the mercury arc 
nearer to the resonance tube. Twice as many normal atoms 
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its 


1S 
are brought into the excited condition 2p., and are acted 
upon by radiations of wave-length 4,358 of twice as great 
intensity as in the first case. Consequently the emission of 
lines resulting from the two successive absorptions will be 
four times as great as in the first instance, while the 3,650 
line, which results from three successive absorptions, will be 
increased eightfold. We thus have a medium of which the 
luminosity (for a single color) increases with the cube of the 
intensity of the light which illuminates it. 

During the past autumn, Dr. Gaviola and I have been 
investigating the matter quantitatively. As in the earlier 
experiments, the mercury vapor was contained in a vertical 
tube of fused quartz surmounted by a right angle prism of 
quartz which reflected the fluorescent light into the spectro- 
graph. The tube was at room temperature and was highly 
exhausted, or filled with nitrogen at a pressure of a millimeter 
or two, by which the intensity of the fluorescent light 1s 
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enormously enhanced, for reasons given in my earlier papers. 
The quartz mercury arc was mounted alongside of, and 
close to, this tube. It is obvious, as I pointed out in the 
earlier paper, that we must not change the intensity of the 
exciting light by a rotating sector, as is commonly done in 
photometry, as this causes merely a series of successive flashes 
of light of the original intensity, separated by dark intervals. 
We must actually change the intensity, either by altering 
the distance of the lamp from the resonance tube or by 
introducing between them an absorbing screen, capable of 
absorbing radiations of all wave-lengths to an equal degree, 
a wire gauze for example. 

A very convincing method of showing the abnormal 
enhancement of the fluorescence with increase of the intensity 
of the exciting light was the following. A square of wire 
gauze of rather fine mesh was held between the resonance 
tube and the eye (which viewed the interior ‘‘end-on”’ 
through the prism). The green fluorescence was reduced to 
1/5th of its original intensity by the gauze, but was still 
bright enough to be very conspicuous. The wire gauze was 
now held between the arc and the resonance tube, and the 
luminosity of the vapor was no longer seen, having been 
reduced to 1/25th of its initial value, with the screen in this 
position. We have photographed the various lines of the 
spectrum of the optically excited vapor, with and without 
the gauze screen between the lamp and the tube, and made 
photometric comparisons of the intensities of the lines, veri- 
fying the prediction that lines resulting from a two-stage 
absorption increased with the square of the intensity of the 
exciting light, while those which resulted from a three-stage 
absorption increased with the cube. 

A second problem upon which we have been engaged has 
to do with the effects of other vapors or gases on the emission 
of the light. I have shown in earlier papers that the presence 
of a trace of nitrogen in the tube brings electrons from the 
2p2 level to the 2p; meta-stable level, the atoms now being 
in a condition to absorb the 4,046 radiations. This results in 
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an enormous enhancement of the fluorescent light. If the 
resonance tube has not been de-gassed or contains a trace 
of water-vapor, the so-called ‘‘water bands” (now ascribed 
however to HO) appear as well as the mercury lines, and the 
“forbidden line” 2,655.8, due to a transition from 2p; to 15S, 
appears with an intensity equal to that of the neighboring 
lines 2,652, 2,654 and 2,655. 

Dr. Gaviola and I have looked into this matter more 
carefully, introducing measured amounts of water vapor, 
nitrogen and air, the air being introduced to furnish oxygen 
to combine with the hydrogen set free by the dissociation 
of the water-vapor into H and HO. This was found to 
increase the intensity considerably, since hydrogen is the 
most detrimental to fluorescence of all of the gases. The 
results obtained were too numerous and varied to go into 
here, the one of greatest interest, however, being the one 
dealing with appearance of the “forbidden line.” It appears 
that both water-vapor and nitrogen must be present, the 
nitrogen bringing electrons to 23 on a very large number of 
atoms. Their return from this level to the normal level 1S 
is greatly facilitated by the presence of water-vapor, though 
the reason for this is still obscure. 

Dr. Gaviola has made a number of interesting calculations 
from our observations, and I will now ask him to say a few 
words regarding them after which, with your permission, I 
will resume my narrative. 

Dr. E. Gaviola: Professor Wood has already published, in 
the Phil. Mag., September, 1927, that the anomalous behavior 
of the line 3650 in the fluorescence light of a quartz tube con- 
taining mercury vapor at room temperature and illuminated 
by a mercury arc was mainly due to the fact that the emission 
of 3650 requires three successive absorptions, and that there- 
fore its intensity must be proportional to the cube of the 
intensity of the exciting light. We have been able to measure 
a 1200 times increase of 3650, increasing the intensity of the 
arc only about 11 times. That law seems to conflict with 
the principle of conservation of energy. The question arising 
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is this: If we increase the arc intensity 100 times, will 3650 
increase a million times? And if so, where will the energy 
come from? The answer is that 3650 will increase a million 
times in the volume elements of the fluorescent vapor where 
the three successively absorbed lines really increase a hundred 
times. That will generally not occur in the interior of the 
vapor because of the special absorption laws for 4358 and 
3650. 

Let us consider a volume element v of the fluorescent vapor 
at the distance x from the wall where the exciting light enters, 
which we will assume is parallel. We will designate the 
intensity of the fluorescent light of wave-length 3650 at 
distance x from the entrance window by 7, 3650, and the 
intensity of 3650 in the exciting beam at the same point by 
I, 3650. The intensity t; 3650 of the line 3650 emitted by 
that volume element will be proportional to the number of 
atoms in the level d that are present in that volume element. 
That number which we will designate by nd will be pro- 
portional to the number of atoms in the level 2; multiplied 
with the intensity J, 3650 of the line 3650 of the arc at the 
volume element v. In the same way n, 2p; is proportional 
tO nz 2s, since atoms on the 2s level become 2p, atoms by 
the emission of the green line, and n, 2s is proportional to 
N: 2p. times I, 4358. Finally, n; 2p: is proportional to N, 
the number of atoms in the normal state, multiplied by 
I, 2536. 

We thus have 


t: 3650 = a-I, 2536-1, 4358-1. 3650, 


in which a is aconstant. To know how the fluorescence line 
3650 changes with the arc intensity and with the position 
of the volume element v, we require the absorption laws of 
the arc lines in the especial case here concerned. The 
absorption law for 2536 is as commonly 


I, 2536 = Ip 2536-e777, 


where Io 2536 is the intensity of that line at the entrance wall 


486 R. W. Woop. [J. F. I. 


of the tube. For 4358 and 3650 the absorption laws are 
different, due to the fact that the density of the gas formed 
by the excited atoms able to absorb those lines is not constant 
along the cross section of the tube. An elementary calcu- 
lation shows that 


I; 4358 = Io 4358-677” 2536—Iz 2536) 
and 
I; 3650 = Io 3650.0. 1358—1: 4358). 


Introducing these values above, we have that 


tz 3650 = a- Io 2536- Io 4358 


a ba 
x I 0 3650-6777. ey (10 2536—11 2536) g— (Uo 4358-1. 1338) | 


In the case of mercury vapor at room temperature the 
last two factors of the formula are practically constant and 
equal to one because of the faint absorption of 4358 and 3650. 
The intensity distribution of 3650 will be given by the 
absorption law of the resonance line 2536. As long as that 
is true, the intensity of 3650 will increase with the cube of 
the arc intensity in every element of the resonance tube. 
If the intensity of the arc is continually increased, the last 
two factors will begin to make themselves noticeable and to 
take forms more or less similar to exponential falling curves. 
1, 3650 will then be proportional to the product of three 
more or less exponential falling curves and a further increase 
of the arc intensity will increase it only in the first layer of 
atoms at the entrance wall of the resonance tube, and will 
eventually decrease it in the interior of the tube. In brief, 
the volume fluorescence of the line 3650 will become more 
and more surface fluorescence. 

Professor Wood: I should next like to bring to your 
attention some experiments which I have been making in 
collaboration with Dr. Vivian Voss of the University of 
Pretoria, South Africa, who is with us this morning. 

There has been a discussion recently in regard to the 
green fluorescence of mercury vapor excited by the light of 
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the spark between terminals of aluminium, cadmium, zinc, 
etc. This is a quite different phenomenon from that which 
we have just been considering, as it results from the absorp- 
tion of light in the region of the absorption bands of the 
mercury molecules, which begin to appear in the vapor when 
it attains the pressure associated with a temperature of 200° 
or thereabouts. I have, for a long time, maintained that this 
fluorescence resulted only when the vapor was distilling, the 
inference being that some of the mercury vaporized as 
molecules, which were rapidly dissociated into atoms. This 
observation has been confirmed by others, both for mercury 
and cadmium. The most conclusive proof of this appeared 
to be an arrangement which I employed in an investigation 
carried out in collaboration with J. S. Van der Lingen many 
years ago. Two small quartz bulbs joined by a short tube 
were highly exhausted and sealed, a small drop of mercury 
having been introduced previously. The double bulb was 
mounted in the column of hot air rising from an asbestos 
chimney supported about a nest of bunsen burners. At a 
temperature around 250° the phenomena in question were 
well seen. One bulb was always slightly cooler than the 
other, by perhaps 5 degrees. In this the unvaporized mercury 
collected. An aluminium spark was mounted close to the 
bulbs, and no trace of fluorescence was observed, though both 
bulbs contained mercury vapor at the pressure corresponding 
to the temperature of the cooler bulb. If now a stream of 
cold air was directed against the hotter bulb by blowing 
through a small tube, the other bulb, in which the mercury 
had collected, immediately showed a brilliant green fluores- 
cence, which persisted until the last trace of liquid mercury 
had disappeared, when all fluorescence ceased. The air blast 
was now stopped, and in a few seconds the other bulb burst 
into fluorescence, no fluorescence ever being visible in the 
bulb into which the mercury was distilling. Though I 
had at times observed fluorescence in what appeared to be 
stagnant vapor, I felt inclined to assume that in these cases 
some distillation was going on, and regarded the experiment 
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outlined above as practically conclusive. Quite recently, 
however, Niewodininzanski has published results announcing 
fluorescence in bulbs containing no fluid mercury at all, and 
claiming that distillation had nothing to do with the phe- 
nomenon. He apparently did not repeat our experiment 
with the double bulb, and offered no explanation of the result. 
Evidently there was room for further investigation, and the 
matter now appears to be cleared up in a very satisfactory 
manner, for it appears that everybody was right. Distillation 
is necessary under certain conditions, and we have found out 
what these conditions are, for we have prepared a single 
sealed quartz bulb which can be brought into the condition 
in which it will fluoresce at constant temperature, or by a 
simple treatment will fluoresce only when a stream of cold 
air is suddenly directed against the side away from the layer 
of mercury droplets. We prepared a single bulb which 
showed fluorescence only when distillation occurred, but 
having previously prepared one which fluoresced with stagnant 
vapor (this one well de-gassed by long heating), it seemed 
probable that the former might contain traces of air or water 
vapor. To test this we mounted the bulb between two small 
brass plates attached to a high frequency oscillator giving 
continuous undamped oscillations of about 3 meters wave- 
length. A blue glow appeared in the bulb and we photo- 
graphed the spectrum to determine whether anything other 
than mercury vapor was present. After half an hour or so, 
the luminous discharge ceased. We now found that the bulb, 
which previously showed fluorescence only with an air blast, 
now showed it at constant temperature without distillation. 
A small pointed gas flame was now directed against the 
bulb, heating one-half of it to a red heat, after which it was 
again examined. It was now found to be in its original con- 
dition, fluorescing only with an air blast. On again subjecting 
it to the high frequency electric feld we again brought it 
into the other condition, and we carried it back and forth 
from one condition to the other a large number of times. 
The high frequency field evidently drove the gas contamina- 
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tions into the quartz, from which they were driven out by 
the superheating with the small flame. The action taking 
place in the double bulb, or the single one for that matter, 
is as follows. The bulb contains a trace of water-vapor at 
very low pressure which destroys the fluorescence. As soon 
as distillation begins, the freshly formed mercury vapor drives 
the contaminations over into the other bulb, and the pure 
mercury vapor exhibits the fluorescence. The same thing 
occurs in a single bulb, though the effect is not as striking and 
clear cut as with the double bulb. With a single bulb the 
contaminations are more or less pressed back against the 
cooler wall by the rapidly vaporizing mercury. 

The third topic which I wish to bring to your attention is 
a very remarkable result which has just been obtained with 
the optical excitation of iodine vapor in helium at a pressure 
of half a millimeter or so. 

As I showed many years ago, if iodine vapor in vacuo is 
excited by a monochromatic radiation, for example, the green 
mercury line, the vapor emits a series of close doublets, 27 or 
more in number, spaced at nearly equal distances on a 
frequency scale, the first doublet occurring at the wave- 
length of the mercury line, and the last in the remote red, 
brought out only by photography with a dicyanine plate. 
Dr. Franck and I, in 1910, while investigating the effects of 
the presence of inert gases on the intensity of the iodine 
fluorescence, found that if a little helium was mixed with the 
iodine vapor the complete band spectrum was developed in 
addition to the doublets when the excitation was by the 
green line and two yellow lines of mercury only. Further 
study, made many years later, showed that the band spectrum 
appeared with long exposure, even with the iodine in vacuo, 
and that only certain bands appeared, i.e., the spectrum was 
simpler than the complete band spectrum excited by white 
light. During the past year I have been photographing the 
spectrum developed by helium, with a spectrograph of much 
higher power, exciting the iodine fluorescence with a battery 
of four vertical Cooper Hewitt glass mercury lamps which I 
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built up several years ago for the purpose of obtaining a 
more powerful excitation of the vapor. The lamps are 
arranged close together on a single stand, with just room 
enough between them for the vertical glass tube containing 
the iodine vapor. They are started by an auxiliary, by 
simply closing a switch, which is far more convenient than 
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the older arrangement in which the lamp was lighted by 
tipping. The iodine tubes are about 50 cms. in length by 
5 cms. in diameter, blown out at the top in the form of a 
thin clear bulb, and drawn off obliquely at the bottom, to 
prevent reflection and secure a good black background. The 
oblique cone at the bottom is painted black on the outside. 
With this arrangement I can secure photographs in the 
second order spectrum of a 6-inch plane grating with a lens 
of over 3 meters focus in about 15 hours. It was at once 
apparent from the photographs that something very inter- 
esting had developed. In the bands brought out by helium 
only half as many lines were present as would be found in 
the corresponding band of the absorption spectrum. The 
alternate lines were missing. 
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Photographs of the bands in the vicinity of the first and 
third resonance doublets are reproduced in Fig. 2. Professor 
F. W. Loomis of New York University has been working 
with me on the problem, and we find that the rotational 
quantum number changes by 2, 4, 6, 8, etc., instead of by 
+ I, as in the absorption or emission process. This is of 
great interest in connection with the recent developments in 
the theory of molecular mechanics dealing with nuclear 
rotations. I am now going to ask Professor Loomis to give 
you a short account of the theoretical side of the subject. 

Professor F. W. Loomis: With the iodine vapor at a 
density corresponding to o° C., and with short exposures, 
only the “fundamental” series of doublets appear. These are 
known! to be picked out from the complex band spectrum of 
iodine by the stimulation of one particular iodine absorption 
line. The absorption of this line leaves all the excited 
molecules in a single state (1S, n’ = 26, m = 34). Each fluo- 
rescent doublet then ` corresponds to the two permitted 
rotational transitions, m’ — m” = +1, which accompany 
the return to some vibrational level of the lower electronic 
level (also 4S). 

If, however, the iodine vapor is made denser, or if helium 
is present at, say, 1/2 mm. pressure, then it is possible for 
an iodine molecule, while it is in the excited state, to collide 
with a molecule of helium or of iodine. Excited molecules 
which suffer collisions of this kind will, in general, have 
their rotational and vibrational quantum numbers changed. 
There will no longer be a single initial state for the emission 
of the fluorescent light, but a group of vibrational and 
rotational states clustering about the original one. Conse- 
quently, the fluorescent spectrum will correspond to transi- 
tions from all these states, and bands will be developed around 
the fundamental doublets (m’ = 26), as well as neighboring 
bands with slightly changed values of n’ (24, 25, 27, 28). 

An inspection of the new photograph of these bands, 


1 National Research Council, Report on ‘‘Molecular Spectra in Gases,” 
Chapter VI. 
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shown on Fig. 2, brings to light the fact that their lines are 
more widely spaced than those of the corresponding absorp- 
tion bands. For instance, only two lines appear between the 
members of each fundamental doublet, whereas in the same 
region there are five R and five P branch absorption lines.? 
Actual measurement shows that the fluorescent bands consist 
of alternate lines of each branch of the corresponding absorp- 
tion bands. That is, whereas each absorption band contains 
a line on each branch, corresponding to every integral value 
of m’, the fluorescent bands contain only lines corresponding 
to even values of m’ (and hence to odd values of m”, since 
m = m” +1). 

The relation between the two spectra is shown in Fig. 3. 
The circles represent the absorption lines of band (26, 1). 
This band happens not to have been measured in absorption, 
but its lines can be calculated, pretty accurately, from those 
of other bands which have been measured. The circles 
representing the lines with even m’ are filled in. The 
measured lines in the optically excited band are indicated 
below. It will be seen that each optically excited line corre- 
sponds to an unresolved pair of absorption lines, say P(m’) 
and R(m’ + 6), which happen, in this case, to lie rather 
close together. There is evidence, on the original plates at 
least, that these pairs are beginning to be resolved in the 
case of lines far from the head. Also, there are a few per- 
turbed lines which are clearly resolved. This spectrum will, 
it is hoped, soon be photographed in a higher order, or with 
a larger grating, and it should then be easily possible to 
resolve these pairs. 

Possibly the energy level diagram in Fig. 4 will help to 
make the relationship of these two spectra a little clearer. 
This diagram shows a few of the rotational levels near those 
which are associated with a fundamental doublet. The level 
m' = 34, which is the initial level for the emission of the 
fundamental doublet, is represented by a very heavy line, 
as are the two transitions from this level, which correspond 


2 ‘“‘ Molecular Spectra in Gases,” page 288, Fig. 4. 
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to the fundamental doublet. The upper levels with even m’, 
which are those having the same character, let us say, for 
convenience, symmetric, as the level m’ = 34, are indicated 
by continuous lines. The lower levels with odd m” will 
then also be symmetric and are indicated by continuous lines, 
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Fluorescent Band 


and so are the corresponding transitions. These transitions 
are the ones which result in the fluorescent spectrum. The 
alternate levels, which are indicated by dashed lines, belong 
to antisymmetric states, and the transitions between them are 
also represented by dashed lines. These transitions occur, 
upward, in absorption because both kinds of states are 
present in the iodine vapor; but only those represented by 
continuous lines occur in the fluorescent spectrum because the 
green mercury arc line happened to be absorbed by, and 
excite, a molecule in a symmetric state. Of course the words 
symmetric and antisymmetric can equally well be inter- 
changed in the above statements, as far as we know at 
present. 
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No significance is to be attached to the slight systematic 
shift, in Fig. 1, of the fluorescent lines relative to the ab- 
sorption ones. It is due merely to inaccuracy in the data 
used for extrapolation from the measured iodine absorption 
bands to the (26, 1) band. 


FIG. 4. 


R Branch P Branch 


A few extra lines which do not belong to the (26, 1) band 
appear in Fig. 3, either interspersed among the lines of the 
band or as irregularities in the intensity distribution. These 
are fluorescent doublets, like the fundamental doublets, but 
due to the stimulation of absorption lines belonging to weak 
overlapping bands. They are of no interest in this connection. 
They disappear entirely if the helium pressure is raised to 
4 mm. 
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It is evident, then, that the molecules which are about to 
emit the fluorescent light occur only in even numbered 
rotational states. Now the original excited molecule, just 
after absorbing the light from the mercury arc, and before 
collision with another molecule, had m’ = 34. It follows 
that, during collisions of the second kind, the rotational quantum 
number of an todine molecule can only change by an even number. 

This result, while incomprehensible on the classical Bohr- 
Lenz theory, is entirely in accord with the conclusions of the 
new mechanics. According to the theory of Hund,’ successive 
rotational states of a symmetrical molecule, such as J2, have 
alternately eigen-functions symmetric and anti-symmetric in 
the positional codrdinates of the two nuclei. Moreover, since 
the symmetric and anti-symmetric eigen-functions correspond 
to different orientations of the spins of the two nuclei, and 
since these spins are presumably very completely shielded 
from outside disturbances, it is to be expected that transi- 
tions between symmetric and anti-symmetric states will be 
very infrequent. In fact, Dennison‘ has recently solved the 
long outstanding problem of the specific heat of hydrogen 
by assuming that transitions between symmetric and anti- 
symmetric states do not occur in appreciable numbers, even 
during the time it takes to make a measurement of specific 
heats. | 

The missing alternate lines in the optically excited iodine 
bands are then, clearly, direct evidence that transitions 
between symmetric and anti-symmetric states of iodine mole- 
cules do not often occur, even during collisions. 


3 Hund, Zeit. f. phys., 42, pp. 110-111, 1927. 
* Dennison, Proc. Roy. Soc., A-115, pp. 483-486 (1927). 
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Surface Tension of Molten Copper. E. E. LIBMAN. (Proc. 
Nat. Acad. Sciences, Aug., 1927.) No accurate data on the surface 
tensions of metals are available except for such as can be contained 
in the liquid state in glass vessels. The author has undertaken 
to measure the surface tension of liquids that melt above 900° C. 

Let us suppose that we have a U-tube of glass, the two com- 
municating tubes being of different diameters. If mercury is 
introduced, it will not stand at the same level in both tubes but 
will be lower in the one having the smaller diameter, and will be 
depressed wherever it comes into contact with the glass. For the 
experiments with copper is used a crucible of rectangular cross- 
section having communication near the bottom with a vertical 
side tube of the same material which has a circular cross-section and 
is made in the same piece with the main crucible. The metal is 
melted in this receptacle in a molybdenum-wound electric furnace 
in which is maintained a vacuum never poorer than 10-* mm. of Hg. 
The molten copper is in contact with four vertical walls of the 
crucible and with the periphery of the circular tube. The capillary 
constant of the liquid can be calculated provided these two distances 
can be obtained: (1) The difference of level between the surfaces 
of the liquid in the two communicating tubes, and (2) the vertical 
height through which the liquid is depressed where it is in contact 
with a vertical plane surface of the crucible. As the crucible is 
opaque, recourse is had to X-rays to which it is transparent. A 
photograph is taken and the required lengths are measured from it. 
This method applied to mercury gave values of the surface tension 
in satisfactory agreement with those obtained by other methods. 

Measurements of the capillary constant were thus made from 
the melting point up to about 1,300° for very pure copper and for 
the same metal containing .04 per cent. SiO and .07 per cent. 
Fe,03;Al,03. The capillary constant is directly proportional to 
the surface tension. For the pure metal the constant decreases 
from .308 at 1,083° to .297 at 1,318° C. In the case of the impure 
metal the value at 1,083° is .301 and at 1,335° is .275. As the 
temperature rises the effect of impurities becomes greater. 


G. F. S. 
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The present investigation is the outgrowth of an un- 
successful attempt to photograph, by ordinary spectroscopic 
methods, the spectrum of soft X-rays excited in solid targets 
by the impacts of electrons whose energies are of the order of 
100 volts. Numerous experimenters have detected such radi- 
ation by photoelectric means,’ and it is highly important to 
obtain a direct spectroscopic check on the interpretation of 
the “breaks” found in their curves of photoelectric current 
vs. bombarding voltage. It has been assumed that each such 
“break” indicates the setting in of a new type of characteristic 
radiation whose frequency is given by the relation eV = hy». 
With the best technique which we could muster, and with 
exposures up to eight days in duration, we failed to obtain 
any registration of a spectrum on our photographic plates. 

Having temporarily abandoned this problem after two 
years of effort, we have modified our apparatus for use in 
the study of gases under somewhat different conditions from 
those hitherto employed. We have simply substituted gas 
molecules for the solid target previously used, and adjusted 
conditions so that all radiation from them arises from single 


1 Amplification of a paper presented at the Conference at the Loomis 
Laboratories in honor of Professor J. Franck, on January 6, 1928, by K. T. 
Compton. 

2 Kurth, Phys. Rev., 18, 461 (1921); Thomas, Phys. Rev., 26, 739 (1925); 
Richardson and Chalklin, Proc. Roy. Soc. Lon., 110, 247 (1926); Compton and 
Thomas, Phys. Rev., 28, 601 (1926), and others. 
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impacts by electrons of known and controlled velocities. At 
the same time we have handled the gases in such a manner as 
to insure so high a degree of purity that there is little room 
for doubt regarding the origin of the lines appearing in the 


spectrum. 
THE SPECTROGRAPH. 


The general plan of the spectrograph is shown in Fig. 1, 
in which the light source is at A, the grating at G and the 


Fic. I. 
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photographic plate at P. All are placed within an airtight 
enclosure consisting of a hollow casting from which the two 
spectrograph arms, made of seamless brass telescope tubing, 
extend at right angles to each other. All brass castings are 
coated externally and internally with solder and the entire 
enclosure coated externally with enamel varnish and shellac. 
The apparatus is opened to introduce or remove a plate by 
removing the brass end plate E. This fits with a carefully 


Apr., 1928.] EXTREME ULTRAVIOLET SPECTRA. 499 


ground and wide surface of contact against the flange on 
the end of the spectrometer tube, and the joint is rendered 
airtight by soft wax. In order to eliminate wax vapor from 
the interior of the spectrometer, and to reduce the danger of 
leaky joints, a vacuum ‘‘guard ring” is provided, as shown 
at T, through which wax vapor is drawn off by the diffusion 
pump P; through an interposed liquid air trap. The wax is 
used only on the outside of the joint, leaving the ground 
surfaces in intimate contact. A similar end plate with 
“vacuum guard ring” is provided on top of the central 
casting above the grating G. The discharge bulb B is 
attached to the spectrograph with a ground conical joint, 
which is also waxed on externally and provided with a 
“vacuum guard ring.” 

The four-inch grating G is of glass, 15,000 lines to the 
inch, for which we are indebted to Professor R. W. Wood 
of Johns Hopkins University. It is of 1 m. radius of curva- 
ture and is used at 45° angle of incidence, so that the two 
“arms” of the spectrograph are each about 70.8 cm. in 
length. 

The photographic plate P is 4.25 inches long and takes in 
a range of about 1,200 A. We have used Hilger-Schumann 
plates on thin glass, but not thin enough to permit the 
theoretical bending to 50 cm. sadius necessary to secure the 
best focus over the entire plate. Consequently our focus is 
a compromise which can be adjusted to give very good focus 
in any desired region. The method of adjusting the plate 
deserves mention: 

The plate must be inclined at an angle of about 45° with 
the axis of the tube in order to secure focus over its entire 
length. It can be tilted through a small range on cither 
side of 45° by an external control as shown, in which the 
rotation of the external magnet M causes the rotation of the 
armature on the inside of the spectrograph, and this motion 
is transmitted through a set of small reducing gears to the 
pinion A’ which controls the tilt of the plate. The zero 
order line of the spectrum is first brought to a focus at a 
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point O near one end of the plate and in line with the axis of 
tilting. This can be done without evacuating the spectro- 
graph and with the end plate removed. Then, with the 
spectrometer evacuated, the spectrum of some gas in A is 
photographed at various angles of tilt, whence the proper tilt 
can be determined from an examination of the focus in these 
spectra. The combination of this externally operated tilting 
device with a similarly operated plate-dropping mechanism 
enables this whole set of adjustment spectra to be photo- 
graphed conveniently on one plate. 

The plate-dropping mechanism is patterned after one 
described by Lyman.* The plateholder khhh slides up and 
down in accurate ways in the frame ffff, which tilts about 
the axis bb and is secured in position by the pinion 4’. From 
the back of the plateholder project two rows of pins p. 
One of these rests against the stop s and keeps the plateholder 
at the desired level for an exposure. When this exposure is 
completed, the external magnet N is moved to the right, 
attracting with it the iron block J which swings the stop s to 
the left, thus releasing the plateholder which drops until pin 
p’ rests against the stop s, in which position another exposure 
may be made. 

The entire plateholding framework is mounted in a ring 
rrr which slides telescopically in the spectrograph tube and 
may be moved in or out by a screw in order to adjust the 
focus of the zero order image. 

A new feature has been added in the flapper F, which is 
a stop designed to intercept the light falling at the zero order 
position on the plate so as to prevent such overexposure of 
this line that it cannot be used as a point of reference in 
measurements of the plate. This flapper can be moved in or 
out of the path of the light by another external magnetic 
control (not shown). It is found that a one-minute exposure 
of the zero order line is sufficient even though the remainder 
of the plate may be exposed for several days. 

The slit system S is especially designed to permit the 


3 Lyman, ‘‘Spectroscopy of Extreme Ultraviolet” (1914), p. 34. 
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maintenance of a large pressure ratio on its two sides, whereby 
an excellent vacuum is maintained in the main body of the 
spectrograph although there is a sufficient pressure of gas in 
the bulb B containing the light source to permit suitable 
spectral excitation. To accomplish this, the slit system is 
double. The first slit (the one nearest the light source) is 
the spectroscopic slit and is adjusted to a width of about 
0.001 cm. One centimeter behind it is a second slit, just 
enough wider to permit the unobstructed passage of the light 
from the first slit to the entire surface of the grating G. 
From between these two slits, gas is pumped away by a 
rapid diffusion pump P;. The gas which passes the second 
slit is pumped away from the main body of the spectrograph 
by another rapid diffusion pump P,. In this way a pressure 
ratio of about 1/250 is maintained between the spectrograph 
and the light source. 

The pumping system is rapid enough and the spectrograph 
sufficiently airtight to permit evacuation of the spectro- 
graph to 5(10)~* mm., as indicated by an ionization gauge. 
In actual use, however, gas is slowly admitted into the bulb 
B to maintain in it a pressure of about 0.01 mm. Thus the 
gas pressure in the spectrograph during operation is about 
4(10)™% mm. 

THE LIGHT SOURCE. 

The light source is simply an adaptation of the method 
which has been so successfully used by Foote and Mohler,‘ 
Hertz ë and others to investigate the critical potentials 
for excitation of spectral lines. Electrons from a Wehnelt 
cathode C of about 0.7 cm.? area are drawn through an 
applied potential difference V to the anode A, which is a 
hollow box covered by a wide-meshed gauze on the end 
adjacent to the cathode. Within this field-free space, radi- 
ation is excited by electron impacts against the molecules. 
There are two openings at opposite sides of the box, through 
one of which radiation passes to the slits S and through the 

t Foote and Mohler, “Origin of Spectra”; Foote, Meggers and Mohler, 


Phil. Mag., 42, 1002 (1921). 
$ Hertz, Zeis. f. Phys., 22, 18 (1924). 
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other of which radiation passes out through a quartz window 
Q, and enters a quartz spectrograph which photographs the 
near-visible spectrum simultaneously with the recording of 
the extreme ultraviolet spectrum on the plate P. This quartz 
window is attached to the bulb with a quartz-pyrex graded 
seal, for which we are indebted to the Cooper-Hewitt Electric 
Company. 

Before its trial, it was a question in our minds whether 
such a source of radiation (shown in Fig. 1 by the shaded 
region inside the box A) would be sufficiently intense, in 
view of the extremes to which other investigators in this 
field have gone to secure light sources of great energy. Quite 
to our surprise, the source proved to be very effective. For 
example, with an electron current of 0.1 ampere in helium 
at 0.05 mm. pressure an exposure of an hour sufficed to bring 
out the spark line 303 in three orders and the first few members 
of the arc series 584, 537, etc., in the first and second orders. 
To bring out faint lines, we have used exposures as long as 
40 hours, which is quite easy because the apparatus runs 
automatically and without attention. 

Two spectroscopic peculiarities of this source may be 
noted. In the first place no cumulative excitation or stripping 
of atoms by successive ionization is expected, since the current 
densities are very small and the gas pressure is so low as to 
make negligible the chance of more than one impact against 
the same atom. Only effects attributable to single electron 
impacts against molecules are to be expected. This results 
in a much simpler spectrum, and one easier of interpretation, 
than in the case of “‘hot-spark”’ or arc excitation. In the 
second place, the spectra due to various degrees of ionization 
or corresponding to various energies of excitation may be 
distinguished by exciting the spectrum with different voltages. 
We find, for example, only helium arc lines at 65 volts, 
whereas the spark lines are fully developed at 85 volts, which 
proves, incidentally, the absence of cumulative ionization by 
which the spark lines would have been excited at 55 volts. 
Similarly in argon, 30 volts brings out the arc lines but only 
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faintly some of the strong spark lines of lower excitation 
energy, whereas 40 volts brings out practically a complete 
spark spectrum. It is evident, therefore, that voltage control 
offers an unambiguous method of differentiating between lines 
of atoms in various stages of ionization. 


HANDLING OF GASES. 


Naturally, different gases must be handled in different 
ways, depending on their nature. Thus far we have worked 
only with helium, neon and argon. In these cases the gases, 
after extreme purification in an independent purifying system, ` 
were placed in reservoirs sealed to the pumping system as 


shown in Fig. 2. 
FIG. 2. 


ae to 


Two stopcocks T, and T: serve to admit a small amount 
of gas into the system. This flows through a magnetically 
controlled capillary leak CL, through a double liquid air trap 
L, into the bulb B of the spectrograph. The McLeod Gauge 
G, measures the gas pressure in this bulb. This gas ultimately 
passes through the slits of the spectrograph whence it is 
pumped, through liquid air traps L and L; by two very 
rapid diffusion pumps P, and P, which are backed by another 
two-stage diffusion pump P,P;. The vacuum guard rings at 
the three wax joints, previously mentioned, are pumped into 
the intermediate stage as shown at VGR through liquid 
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air trap Ly. CO is a mercury cut-off which can be opened 
magnetically to facilitate preliminary evacuation of the bulb 
and reservoir system, but which is closed during actual 
operation of the spectrograph. 

The gas delivered by the pump P-P; passes through a bulb 
MM which is protected on both sides by liquid air traps L; 
and Le. In this bulb is maintained an intense glow dis- 
charge between a ‘‘misch-metal”’ cathode and an iron anode, 
which is the most efficient method known for purifying these 
_gases. Therefore the gas is continually repurified before it 
enters the spectrometer. 

In this way we have obtained neon spectra showing all 
known and many new neon lines without spectral evidence 
of any impurity except a trace of helium. Similarly in argon, 
we have found 79 lines between 459 and 1,066 A., without any 
evidence of any spectral impurity whatsoever. This is, we 
believe, a unique achievement in this field of spectroscopy. 

In working with helium we had not yet adopted the 
misch-metal purifier, but passed the gas into the bulb B 
through a cocoanut charcoal trap in liquid air. This is 
known to admit traces of H and CO as impurities, so that 
our spectra in the case of helium were not so “‘clean”’ as in 
neon and argon. 

There appears to be no reason, using this method of 
excitation and suitable technique in handling gases, why 
complete elimination of impurities should not be feasible. 

Finally a word may be said regarding the source of 
electrons—the Wehnelt cathode C. This was adopted in 
preference to a tungsten filament in order to avoid use of a 
bright incandescent filament which might fog the photo- 
graphic plate by scattered light. With a platinum filament 
coated with BaO and SrO and operated at a dull red heat, 
adequate and fairly constant emission could be obtained for 
a hundred hours or so with exciting voltages up to 100 volts. 
The spectrum plates showed some fog after 40 hours’ exposure, 
which was probably due to light diffusely scattered from the 
grating. In any case, 40 or 50 hours appears to be about 
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the maximum useful exposure time, since longer exposures 
would probably give sufficient ‘‘fog’’ to diminish rather than 
increase the sensitivity for detecting faint lines. 


SPECTRUM OF HELIUM. 


Helium, whose spectrum is so well known through the 
work of Lyman,’ was first used to test the action of the 
spectrograph. As mentioned above, traces of CO and H, 
were known to be present as impurities. Some features of 
interest are shown by Plates A, B, C and D. Tables I, II 
and III summarize the results and show comparison with 
other observations. The theoretical values of the wave- 
lengths of the helium spark lines were used as standards, and 


TABLE I. 
He II. 18 *S, — mp ?P; (used as standards). 


à (calc. and obs.). m. (Lyman.*) 
303.81 8} 2 303.6 (2) 
256.33 (5 3 256.3 (1) 
243.04 (3) 4 
237-34 (2) 5 
234.36 (1) 6 

TABLE II. 


He I. 1s'So—mp'P,. 


m. d (obs.). (Lyman.’) (D and A.?) (Calc.) 
2 584.41 (20) 584.40 (10) 584.33 584.44 
3 537-04 (10 537-12 (7) 537.08 537.12 
4 522.25 (9 522.21 5 522.17 522.29 
5 515.60 8} 515.56 (4) 515.70 
6 512.16 7) 512.09 3) 512.18 
7 510.02 tS} 510.05 2) 510.07 
8 508.73 5) 508.59 1) 508.72 
9 507.80 (4 507.80 

10 507.13 (3) 507.13 

II 506.65 2) 506.65 

12 esolvable 506.39 

13 but too close 506.07 

14 to measure 505.89 

15 accurately. 505.77 

Edge 504.94 = 

= 504.34 


t Lyman, Astrophys. Jour., 60, 1 (1924). 
™ Dorgelo and Abbink, Zeits. f. Phys., 37, 667 (1926). 
VoL. 205, No. 1228—35 
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should be the best possible standards in this spectral region. 
The stronger spark lines appeared also in the second and 
third orders, and thus gave a calibration extending across the 
entire plate. 
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(G) A at 90 volts; (H) A and He at 100 volts. 

The calculated values of \ in the last column of Table II 
were obtained by calculating the convergence wave number 
of the series by adding to the wave number of an observed 
line the accurately known term value of the excited state of 
that line as known from the near-visible series, averaging 
convergence numbers thus found for all the lines, and then 
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subtracting the term values of the excited states from this 
average, to obtain the calculated wave numbers of the lines. 
The calculated wave-lengths thus determined should make 
suitable secondary standards of wave-length. The “edge” at 
504.94 lies well within the convergence limit 504.34, showing 
that the continuous band is due to the merging of unresolved 
higher members of the series rather than to a true continuous 
spectrum associated with the series limit. This is as expected 
in view of the fact that our radiation originated in a field- 
free space where the ion concentration was very small. 
The continuous band extending beyond the series limit in 
Lyman’s ê spectrograms is known to be associated with the 
existence of intense ionic fields or to recombination of ions, 
or both, within a Paschen cathode. 


TABLE III. 
(Other lines below 800 A.) 


à (obs.). (Lyman.*‘) Remarks. 
743.75 (2) | 743-73 Ne I 2p 'So — 3s °P, 
735-94 (3) | 735-95 Ne I 2p 'Sp - 3s 'P, 
720.31 (2) origin unknown 
719.08 (1) origin unknown 
629.81 (1) 629.75 Ne I 2p 'So — 4s #P1 
626.91 (2) 626.91 Ne I 2p 'So — 4s Pi 
600.16 (2) 600.3 + .6 (6) | Ne I 2p% - 5s !P, or He I 1s 'S - 2s 'S, 

591.56 (3) | He I 1s 'So— 2p °P, 
509.43 (2) origin unknown 
448.40 (2d) origin unknown 
320.38 (3) He I 1s 2s — 2p 2s? 
309.04 (1) He I Is 2p — 2p 2p? 


The lines shown in Table III, other than those due to 
neon impurity, require some comment. Line 600 has been 
the subject of some speculation. Lyman ê suggested that it 
is a “forbidden ” line 1s — 2s of He I. Sommer ® pointed out 
that it was of band-like appearance on Lyman’s photographs 
and attributed it to a band of He. Dorgelo and Abink? 
showed that its intensity seemed roughly proportional to the 
amount of neon impurity and suggested that it was the 


*Sommer, Proc. Nat. Acad. Sc., 13, 213 (1927). 
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relatively weak Ne 2p 'So — 5s 'P, line excited by collisions of 
the second kind with metastable helium atoms in the 2S 
state, and strong because the energy of 2°S helium is so 
nearly exactly the amount required for exciting this line of 
neon. Our line shows none of the band-like character sug- 
gested by Sommer. It was greatly enhanced by the addition 
of a further trace of neon. Consequently we incline toward 
the view of Dorgelo and Abink. However, in Lyman’s work 
the greater electric fields would favor the appearance of 
forbidden lines, and the use of gas at considerably higher 
pressure would favor bands. Thus it is possible that there 
are really two or three causes which independently give 
radiation near 600, and that experimental conditions de- 
termine which cause predominates. 

Lyman’s line 591.56, another ‘‘ forbidden” line, is entirely 
absent from our spectra. This again may be due to the 
field-free region of excitation. 

Lines 320 and 309 may perhaps be due to excitation of 
both electrons and radiation accompanying the return of one 
of them to its normal state, as indicated in the table. Their 
wave-lengths are just about those to be expected from con- 
siderations of quantum defect. If this interpretation is 
correct, a visible line at about 4,834 would be anticipated. 
We have not verified this point. 

There remain four faint lines of unknown origin. They 
appear definitely not to be known or previously reported. 
The only known impurity which could have lines of such 
short wave-length is CO, and this appears not to be the origin 
since none of the known strong lines of C or O are found. 
It is possible that vaporized material from the Wehnelt 
cathode may be responsible for these lines. 


SPECTRUM OF NEON. 


The most interesting feature of neon is a new group of 
lines which are entirely absent at 40-volt excitation, weakly 
developed at 60 volts and strongly developed at 80 volts. 
This suggests that they are the fundamental lines of Ne II, 
which is confirmed by an analysis of the spectrum which we 
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are publishing in Proc. Nat. Acad. Sc. in collaboration with 
Professor H. N. Russell. Lyman and Saunders” have 
already announced that Ne II lines occur in this region, but 
have not published wave-lengths or examined the spectrum 
exhaustively. The new lines are given in Table IV, together 
with their spectroscopic notation. 


TABLE IV. 
Extreme ultraviolet spectrum of Ne II. 


A. Int. v. Notation. 
462.38 7 216272 2p *P, — sp® 3S, 
460.72 12 217051 2p ?P: — sp® 4S, 
456.35 4- 219130 2p *P; — 3s 4P’; 
455-27 4 219650 — 2p *P; — 3s ‘P’s 
454.68 3 219935 2p °P: — 38 tP’, 
447.83 3 223299 2p *P, — 38 2P’: 
446.60 4 223914 2p *P, — 38 2P’, 
446.26 7 224085 2p ?P3 — 38 ?P’s 
445.05 2 224694 2p *P; — 38 °P’, 
407.17 3 245598 2p °P, — 38 *Ds 
405.88 5 246378 2p *Ps — 38 2D3: 
362.55 2 275824 2p *P, - 38 3S, 
361.54 3 276595 2p *Ps — 38 Si 
356.79 2d - 280277 2p °P: — 3d *Daz 
353-01 Id 283278 2p *P: — 43 *P's, 


A start at the analysis of Ne II has previously been made 
by the discovery of multiplets in the visible and near ultra- 
violet by de Bruin ™ and by Kichlu,” making use of wave- 
lengths given by L. Bloch, E. Bloch and G. Dejardin,” and 
all identified by the appearance of the wave number difference 
782 given by the two ionization limits of Ne I. de Bruin 
classified 34 lines in 5 multiplets of the quartet system. In 
collaboration with Professor Russell we have classified 203 
lines in 59 multiplets in both quartet and doublet ‘systems, 
and have thus accounted for all the stronger known lines of 
Ne II. Table V gives the term values of all the states of 


® Russell, Compton and Boyce, Proc. Nat. Acad. Sc. (in print). 

10 Lyman and Saunders, Proc. Nat. Acad. Sc., 12, 92 (1926). 

u de Bruin, Zeis. f. Phys., 44, 157 (1927). 

12 Kichlu, Proc. Phys. Soc. Lon., 39, 424 (1927). 

13 L. Bloch, E. Bloch and G. Dejardin, Jour. de Phys., 7, 129 (1926). 
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TABLE V. 
Term Values in Ne II. 
Quartets. Doublets. 
Diff. Diff 
2p ?P; 330429 
3P, 329647 an 
sp® %S, 113376 
3s ‘P’ 111300.0 3s 2P% 106343.7 
4P’, 110782.0 ea 2p’, 105731.5 612.2 
‘P’ 110483.0 99. 2D; 84050 
3S, 53828.5 
4s ‘P’; 48432.6 4s °P’: 47108.4 
‘P’, 48055.7 he 3P’, 46536.5 571-9 
‘P’; 47750.6 ' 
3p ‘S's 77477-5 3p S: 77532.6 
3p ‘Ps; 84238.2 3p °P; 76266.0 
1P; 84015.4 apes 3P; 76139.0 12:9 
4p, 83832.9 5 
3p ‘D’: 81322.6 3p *D’s 79419.4 
‘D’ 3 80985.0 see D’; 78908.4 SULO 
‘D’: 80735.3 iio 
1D’; 80591.3 44. 
3d ‘P’; 49259.5 = 3d ?P’s 49098.6 _ 
Pe | 494413 | ISES *P’, | 49957.6 ee 
4P’, 49662.8 
3d ‘4D, §1293.5 3d *Ds 50161.9 7 
‘D; §1212.5 sore 2D: 49405.1 756.8 
1D: 51106.0 a 
‘D; 51007.8 99 
3d ‘F's 50258.4 
Ea | 49730.3 r 
‘F’; 49633.7 149.4 
‘F's 49484.3 
4f tD’ 27602.0 
‘D's 27587.0 eae 
4D’; 27528.1 yee 
4p’; 27441.4 7 
4f ‘Fs 27526.7 
F; 26902.3 ps 
‘Fy 26606.3 — 21 ` 
‘Fy 26921.7 315-4 
4f x: 26830.5 
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Ne II thus far identified. The assignment of these terms is 
entirely assured except those attributed to the 4f electron, 
in which case the reality of the terms is certain but their 
assignment is only provisional. 


FIG. 3. 
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Fig. 3 is a Grotrian diagram of energy levels of the Net 
atom. The heavy diagonal lines are the combinations giving 
the new extreme ultraviolet lines listed in Table IV, while 
the light diagonal lines are other combinations in the near 
visible region. 

The ionization potential of the neon ion 1s found from 
this analysis to be 40.9 + 0.05 volts, so that 62.4 volts are 
required for double ionization at a single impact. 

Mohler * found that photoelectric ionization of neon was 
produced by radiation excited in neon by electrons of energy 
above 48 volts, and reported 48.0 and 54.9 volts as critical 
potentials for this process. The 48.0 volt value is exactly 
right for the single ionization of an s rather than a p electron, 
after which the ion would return to one of its low energy 
states by the falling of a p electron into the vacant s state, 
giving emission of either of the strong lines 461 or 462. We 
can give no certain interpretation of the 54.9 volt value, but 
suggest that it is an average of unresolved effects due to 
single p ionization accompanied by excitation of another p 
electron to give one or another of our lines of shorter wave- 
length. These lines suggest critical potentials, in addition to 
48.2 (19) volts, at 49.7 (11), 50.2 (16), 52.0 (8), 55.7 (5), 
56.3 (3), where the numbers in parenthesis indicate the 
estimated intensity of the corresponding group of lines. 
Dejardin © has reported that at least 49 volts are necessary 
for excitation of Ne II lines in the near ultraviolet. 

While the 461 and 462 lines are part of the spark spectrum 
of neon, we would point out that their process of excitation 
is not the same as that of the other lines in the spark spectrum. 
They are more nearly analogous, in their process of excitation, 
to the X-ray lines, which arise from the filling of an inner 
shell which has been ionized, at the expense of an outer shell. 
This was called to our attention by Professor Turner. 

SPECTRUM OF ARGON. 

Our type of excitation has given beautifully clear spectra 

of AI and A II, of which Plates G and H are examples. These 


4 Mohler, Phys. Rev., 28, 46 (1926). 
% Dejardin, C. R., 182, 452 (1926). 
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show many lines of A II not previously reported,'® and also 
several new lines of A I near its ionization limit. We are at 
present engaged in an analysis of the A II spectrum, in 
collaboration with Professor Russell, and will report it later. 

In conclusion we wish to thank Dr. Peter Fireman, of 
Trenton, N. J., for a gift which made possible the purchase 
and mounting of the glass grating, and also Professors Russell, 
Turner and Shenstone for many valuable suggestions. We 
are also glad to acknowledge the able assistance of Dr. S. 
Nakamura, who aided us in the design and preliminary 
adjustment of the spectrograph. Professor Lyman also has 
kindly advised us on several matters of technique. 


PALMER PHYSICAL LABORATORY, 
PRINCETON, N. J. 
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The Thermal Conductivities of Certain Liquids. G. W. C. 
KAYE and W. F. Hicoins. (Proc. Roy. Soc., A 777.) This paper 
seeks to extend the range of temperature over which the thermal 
conductivities of liquids have been measured, and to improve 
methods of procedure. It comes from the Physics Department, 
National Physical Laboratory, near London. 

When heat traverses a liquid the easiest way to avoid convection 
currents is to have it flow from above downward. The liquid under 
experiment was only about .25 to .5 mm. deep and was enclosed 
between upper and lower blocks of aluminium 5 cm. in diameter. 
Care was taken to avoid the inclusion of air bubbles between the 
metal surfaces, and the liquids themselves were heated to remove 
dissolved air. The aluminium block on which the liquids rested 
passed on the heat received from above to radiating fins. The 
block above the liquids was heated by an embedded coil carrying 
an electric current. The input of power ranged from 3 to 20 watts 
and the temperature of the hot block from 20° to 200° C. In order 
to secure the downward flow of all the energy delivered to the hot 
block precautions were taken to prevent the lateral leakage of heat 
as well as its transmission upwards. Lateral loss was largely 
prevented by surrounding the apparatus with asbestos wool and 
placing it in an enclosure maintained by a thermostat at about the 
temperature of the hot block. Upward flow of heat was made 
impossible by putting a guard plate above the hot block and 
keeping its lower surface at the same temperature as the upper 
face of the block. Corrections were applied wherever they were 
needed and the results have high accuracy. In the case of glycerine 
where the test layer was .0357 cm. deep, its upper surface was at 
52.20° C. and its lower at 47.80° C. The total power supplied was 
7-574 watts. Of this only 7.202 watts was the rate of flow of heat 
downward through the liquid. The lateral loss was .246 and the 
expenditure in evaporating a part of the liquid in this case was 
zero, while .126 watt went away through excess liquid kept present 
to assist in filling the space between the two metal blocks. 

In water from 0° to 80° C. and in glycerine from 0° to 140° C. 
the conductivity rises with the temperature, from .00145 to .00160 
and from .000673 to .000723 respectively. In the cases of castor 
oil, olive oil, cylinder, paraffin and transformer oils, the conductivity 
decreases with elevation of temperature. Aniline does not change. 

G. F.S. 


THE GREEN AURORAL LINE.* 


BY 


G. CARIO, Ph.D. 


Fellow of the International Education Board. 


THE spectrum of the Aurora Borealis has been intensively 
investigated in the past few years because its analysis affords 
us information concerning the constitution and state of the 
upper atmosphere. The most prominent line lies in the 
visible at 5577.35 A. McLennan! has recently shown that 
this line is to be ascribed to the oxygen atom. Up to the 
present time it has been impossible to experimentally excite 
this green line without causing the appearance of other oxygen 
lines, whereas in the aurora this line is apparently the only 
oxygen line obtained, and the light of the night sky shows 
only this line. Only in the red part of the auroral spectrum 
may exist some weak lines not discovered hitherto. Is it 
possible with our present knowledge of the oxygen atom and 
molecule to explain this state of affairs? 

According to Hund’s theory the oxygen atom possesses, in 
addition to the triplet and quintet systems, a singlet system. 
Hopfield ? found two singlet lines in the ultraviolet, the fre- 
quency difference of which corresponds to the green auroral 
line. That is to say, the green line is a “forbidden line” 
and represents a transition of low probability. If we assign 
these two lines a common upper level, then the excitation 
potential of the green line would be very small, because the 
lowest level of the singlet system can lie, at the most, I volt 
above the lowest triplet level. This is shown by the following 
diagram: 


* Presented at the Conference at the Loomis Laboratories in honor of Pro- 
fessor J. Franck, January 6, 1928. 

1 McLennan and Shrum, Roy. Soc. Proc. A., 108, 501, 1925. 

2 Hopfield, Bulletin of the Am. Phys. Soc., 2, 28, April 1927. 
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The green line can only be obtained with reasonable 
intensity in the discharge tube by the admixture of some 
argon. The increased intensity of the green line is probably 
due to collisions of the second kind between excited argon 
atoms and oxygen atoms in the triplet state, because the argon 
atoms possess a group of frequent transitions corresponding 
to 2.9 to 3.1 volts. Mixtures of oxygen with helium and neon 
were studied by McLennan, who found only a little stronger 
relative intensity of the green line. My own experiments 
with mixtures of oxygen with krypton, nitrogen, nitric oxide, 
and mercury vapor do not result in an increase of the relative 
intensity of the green line. This type of excitation is however 
improbable in the upper layers of the atmosphere, due to 
the absence of argon of such a pressure as is found in the 
discharge tube. 


Ž = {22 volts 


lon’sation 1356 volts 


3p SzESseseseEe 


McLennan? has proposed the following hypothesis: That 
with no other agency than ultraviolet light or electron impact 
an oxygen molecule may be dissociated into a normal and an 
excited atom. The excited atom shall be excited to the 
upper level of the green line transition. In the presence of 


3 J. C. McLennan, R. Ruedi, and J. H. McLeod, Trans. Roy. Soc. Can., 21, 
27, 1927. 
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atomic fields the probability of transitions from the meta- 
stable state to the normal state may be increased. 

I have considered a somewhat different explanation. A di- 
rect dissociation by absorption of light into excited atoms, such 
as McLennan has suggested, does not seem likely to me, because 
absorption in the critical region is weak. The interaction of 
atomic fields seems an unnecessary assumption because forbid- 
den lines simply imply low transition probabilities and if the 
pressure is very low such rare transitions will not be disturbed 
by collisions or the like. This same view is shared by Bowen 4 
in his theory of the nebular lines. Experiments also to excite 
pure oxygen with very different electric methods do not 
result in an increase of the relative intensity of the green line. 

I believe that in the upper atmosphere oxygen atoms in 
the lower singlet state are formed photochemically. Up to 
the present, only one absorption band of oxygen has been 
recognized with a convergence limit at 1,750 A., whence 
extends a region of continuous absorption in the direction of 
the shorter wave-lengths possessing a maximum about 1.5-1.8 
volts distant from the convergence point toward the shorter 
wave-lengths. Condon ® has calculated that this maximum 
should be about 0.4 volt distant. The difference between 
these values and the dependences of the band spectrum upon 
pressure, as observed by Leifson® and Hopfield, leads me to 
believe that a second band system may be concealed in this 
region. Furthermore, in one of Leifson’s photographs a 
suggestion of maximum 0.4 volt distant from the convergence 
limit and a suggestion of bands in this vicinity is apparent. 
That would mean that molecules not only dissociate into 
atoms in the triplet state, as Birge and Sponer’ suppose, 
but also into atoms in the singlet state with 0.5-1.5 volts 
higher energy than the lowest triplet state. Since the absorp- 
tion in the postulated band is much greater than in the 
known band, causing dissociation in triplet atoms, it is easy 

š Condon, Phys. Rev., 27, 640, 1926, and 28, 1182, 1926. 

6 Leifson, Astrophys. Journ., 63, 73, 1926. 


Hopfield, Phys. Rev., 20, 573, 1922. 
7 Birge and Sponer, Phys. Rev., 28, 260, 1926. 
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to conceive of the formation of many singlet atoms by solar 
radiation. In the lower layers of the atmosphere and there- 
fore at higher pressures only longer wave-lengths are effective. 
The solar radiation is absorbed by the Schumann bands 
extending from 1,750 Å. to longer wave-lengths and leads to 
formation of ozone by collisions. 

Concerning the excitation of the singlet atoms we have no 
exact information but it may be caused by electron or ion 
impact, by chemiluminescence produced by the recombination 
of atoms. An estimate shows that the sun’s radiation is 
intensive enough to produce so many oxygen atoms that an 
excitation by triple collisions has a sufficient probability. 
The green light of the night sky and the green afterglow of 
the aurora can be explained by this hypothesis. But also 
slow electrons with a kinetic energy of few volts may be 
responsible for the excitation of the green line in all such 
cases where the green line appears alone or as the predominant 
line. 

Experiments to verify this hypothesis are in progress, the 
results of which will be published in subsequent papers. 

Recently in this laboratory Kaplan could observe in the afterglow of a 
mixture of active nitrogen with oxygen the green oxygen line 5577.35 A. and a red 
line 6654.8 A. without other oxygen lines. Under these conditions the a-bands 
of nitrogen appear strong. Therefore it seems probable to me that the energy of 
two recombining nitrogen atoms can dissociate the oxygen molecule and excite the 
two atoms to the upper level of the green line in one act by a collision of the 
second kind. Perhaps the green oxygen line may be excited in the mixture of 
argon and oxygen in a similar process by a collision of the second kind with 
metastable argon atoms. Then the energy difference 'D — %P could not be 
greater than about 0.12 volt. Otherwise we have to assume that the convergence 
limit at 1750 A. does not correspond to a dissociation into triplet atoms as Birge 
and Sponer believe. Probably then the molecule will be dissociated photo- 
chemically into two singlet atoms or one singlet and one triplet atom. The heat 
of dissociation of molecular oxygen would be in this case less than 7.02 volts. 
On the hypothesis of formation of singlet atoms by the solar radiation as described 
above, nothing would be changed, except that the second band spectrum should 
not be expected, as preliminary experiments seem to prove. The red line 
corresponds perhaps to a transition from the upper level of the green line to a 


lower !S term and should be visible in the spectrum of the aurora and the night 
sky, whenever the green line can be observed. 


PALMER PHYSICAL LABORATORY, 
PRINCETON, N. J. 


CONCEPTS IN QUANTUM THEORY.* 
BY ` 
W. F. G. SWANN, D.Sc. 


Director, Bartol Research Foundation of The Franklin Institute. 


General Constderations.—When a science makes rapid 
changes as has the science of physics during the last quarter 
of a century, there is perhaps an excuse for an occasional 
pause while we contemplate the structure before us and seck 
to ascertain which of its parts play vital réles—where lies 
the heart which pumps through the organism the blood by 
which it works—how many of the pipes of the organ which 
play us the tune of physics are mere show pipes, and how 
many of them may not be removed without a loss to the 
essential harmonies of the composition. 

An adequate attempt to clarify the situation in half an 
hour is impossible. Much that I shall have to say, there- 
fore, must take the form of dogmatic assertion, and I must 
trust to the discussion to call forth further elaboration of 
those assertions which may seem most open to criticism. 

First, then, we have the old electromagnetic theory itself. 
For while this theory has been demoted from the rôle of 
chief controller of the actions of the universe, it does become 
involved, even in the most recent of theories—that of 
Schrédinger—as part of the story. 


py _ 1 a8 
ee + curl H, (1) 
p = div E, (2) 
10ff 
o= zr t curl E, (3) 
o = div H. (4) 


* Presented at the Conference at tke Loomis Laboratories in honor of Pro- 
fessor J. Franck, January 6, 1928. 
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Equations (1) to (4) are the so-called electromagnetic 
field equations. The origin of these equations is beset with 
hypothesis and mechanical concepts which could not stand 
for a moment as part of a complete logical structure of which 
modern atomic theory forms a part. But we do not need to 
question their ancestry in order to understand what they 
themselves have to say. 

I think the only logical attitude towards these four 
equations is to regard them as definitions of the quantities 
E and H which they contain, in terms of p and pv which are 
supposed assigned at each point in space. It is always in 
this sense that we use them. It is true that the coarse- 
grained phenomena of engineering practice permit definitions 
of E and H in terms of the forces on charges and on magnetic 
poles, but in application to atomic processes the starting 
point is always the assignment of p and v, and the assignment 
is followed by the calculation of E and H from these equations. 
All that the equations require of a density p and the velocity 
v in order that they shall form consistent definitions of E and 
H in terms of them is that p and v shall satisfy the equation 
of continuity, 


ðp ; 
ap t div pv = 0O. 


Directly we have a p and a v satisfying these relations, we 
are ready to define quantities E and H by means of the 
electromagnetic equations. But you may well ask what we 
gain by merely defining quantities. We cannot discover laws 
of physics by definition. Where then does nature come in? 
She comes in in granting us that the quantities we have defined 
shall be of some use. And of use in what sense? Well, in 
old classical electromagnetic theory the belief was that the 
equation of motion of an electron could be expressed in 
terms of the values of E and H contributed by the charges 
other than that electron. In modern quantum theories, it 
is to the values of E and H emanating from, and representing, 
the light emitted from one atom that we still look for the 
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determination of events in other atoms, but in a manner 
different from that of the old classical theory. In certain 
forms of quantum theories the E and H determine probabilities 
of transitions. In others, they determine, in conjunction 
with some atom which they may encounter, a form of Hamil- 
tonian function suitable for the subsequent discussion of 
events in that atom in terms of the modern theory. 

But why do we choose quantities £ and H defined in this 
way for the purpose of discussing the phenomena? We do so 
because these E and H’s possess properties by virtue of their 
definition. Definition cannot discover laws of nature, but it 
can insure for the quantities defined certain properties. 
That is, quite regardless of any physical significance which 
E and H might have, or regardless of their having any power 
to do anything at all, their definition through the electro- 
magnetic equations insures for them all those characteristics 
and potentialities which made them of service in the electro- 
magnetic theory of wave motion. It guarantees such proper- 
ties that their space and time variations go on according to 
the characteristics of wave motion—such properties as insure 
that, in a plane wave, the vectors lie in the wave front—such 
properties as insure the existence of a function of E and H, 
a vector (the Poynting flux of electromagnetic theory) which, 
at any rate in regions where the value of p is zero, has its 
surface integral taken over the boundary of the region equal 
to the volume integral of the time rate of change of 
(E? + H?) taken throughout that region. The quantities 
E and H defined by (1) to (4) provide us with a language and 
with words suitable for the expression of the phenomena of 
physics. 

Now if, in addition to the properties which E and H 
receive from their definitions via the electromagnetic equa- 
tions, we endow them with the capability of moving electric 
charges in the manner demanded by classical theory, we 
evolve, as a consequence, details about optics, photoelectric 
effects, etc., which are out of harmony with the facts. If, 
however, we stop short at this point and confine ourselves to 

VoL. 205, No. 1228—36 
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more limited statements, we may stay within the realm of 
truth and yet gain some of the advantages inherent in the 
properties of E and H arising from their definition.. Thus, for 
example, if we say that where E is zero nothing will happen 
we shall be consistent with the facts. 

The older atomic theories sought to construct some 
relatively simple mechanism whose vibrations would corre- 
spond to the spectra of the atoms. The mere assignment of 
a number of simple harmonic oscillators, one for each fre- 
quency, would have served the purpose, but one revolts 
against such an explanation; and, if we should inquire why 
he revolts against it, I think we should be driven to say that 
for a theory to be satisfactory to him, it must deduce many 
things from few. In particular, the mind likes the idea of 
commencing with a thing which is simple as viewed from one 
standpoint and then showing that it has a complexity of 
properties from some other aspects, in the hope that this 
complexity. of properties may reflect some set of properties 
found in nature. A square plate is a very simple thing from 
one standpoint. If we tap it, however, the vibrations are 
very complex, yet we should be perfectly happy if we should 
find that a square plate, or one of some other simple geo- 
metrical form, would give mechanical vibrations which were 
of the same frequency as those of some atom. We should 
very soon make a theory out of the situation.* 

The essence of Bohr’s theory lies in its starting with a 
fairly simple expression (the Hamiltonian function for the 
hydrogen atom for example), an expression with very few 
constants, and then setting up a mathematical procedure for 
getting a complexity of numbers out of that expression, 
these numbers representing the frequencies emitted by the 
hydrogen atom. The procedure, as we all know, is first to 
establish a subsidiary set of numbers, the so-called energy 
levels, and then specify the frequencies as their differences. 
Perhaps, of all theories, the Bohr theory presents the least 


* Attempts in this direction have actually been made by Ritz (‘‘ Gesammelte 
Werke,” Gauthier Villars, Paris, 1911). 
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attempt at a picture of the emission process itself. The 
vital thing is that it succeeds in starting with a simple mathe- 
matical expression for the atom and evolving by certain 
relatively simple mathematical operations a sequence of 
numbers whose differences are the frequencies. You will 
notice that I speak of starting with a simple mathematical 
expression for the atom rather than simple structure. The 
picture of an electron going around a nucleus, etc., is really 
superfluous as an interpretation to the mathematical pro- 
cedure. The last vestige of claims of the picture to a funda- 
mental importance in the matter disappears when it is 
realized that the action of the mechanism is not traced to 
the point of making evident the thing which, of all things, 
a mechanism should be designed to exhibit, the actual act of 
emission of the radiation. 

Nevertheless, the model aspect of the Bohr atom did play 
a sort of dog in the manger rôle in not desiring to speak in 
detail about the vibrations themselves, at least to the extent 
of discussing their amplitudes, and yet using up all the 
dynamics available from the Hamiltonian equations for the 
purposes of the pure model picture. The Bohr theory thus 
makes a sort of transition in theories between the purely 
mechanical and the theories which merely content themselves 
with a formal statement of how things happen as distinct 
from why they happen. 

The Matrix Theory.—In the matrix theory, we take the 
complete jump from mechanism to pure formalism, and we 
seek to write down a process for deducing from a certain 
construction of letters and numbers a two-fold set of quanti- 
ties, one called amplitudes, and the other frequencies, which 
may form suitable material in terms of which to represent the 
optical behavior of the atom. All suspicion of a mechanistic 
significance of the ordinary kind, as attached to the procedure, 
evaporates when we note that the mathematical operations 
involved are of a class which do not obey the fundamental 
laws of algebra. It is a curious thing that the Hamiltonian 
function, which in the case of the hydrogen atom is, for 
example: 
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is of the same form as that used in the old dynamics, where it 
had an entirely different significance. This is merely an 
outcome of the fact that, in the Bohr theory, for example, 
as we have stated, it is not so much the picture of a model 
of the atom which gives us the results secured, as the form 
of the mathematical operations carried out on a Hamiltonian 
function of a certain type. In the matrix theory, enough 
of the properties of the original mathematical operations 
survive to enable this system of letters to serve again as a 
satisfactory starting point for the results derived. 

As regards H itself, in relation to any picture of electron 
orbits in the sense of former theories, its meaning has com- 
pletely evaporated. From the standpoint of the matrix 
theory, if you should ask me what a hydrogen atom is, I should 
have to reply, “It is the entity whose H suitable for the 
matrix operation is H = (1/2m)(p.? + pè + 2A — (é/r).” 
In the community of atoms, the hydrogen atom would be 
more appropriately known as Mr. (1/2m)(p.? + pè + pè 
— (e?/r) than he would be known as Mr. Hydrogen. 

Up to the point of obtaining the magnitudes which are to 
serve as amplitudes and frequencies, there is nothing to tie 
us down to any particular meaning to be attached to them. 
However, using no other criterion concerning them than the 
fact that they represent time variations of some quantity 
attached to a point in space—the point where the atom is— 
we can define in terms of them a set of vectors like the electro- 
magnetic vectors in the same way as we can define by the 
electromagnetic equation a field E, H, for a vibrating doublet. 
The sinusoidal wave characteristics of Æ and H then follow 
from their definitions as already pointed out, and the crux 
of our assumptions is reached in the belief that the quantities 
E and H so defined can be used as suitable material in terms 
of which to predict the optical effects obtained when light 
falls upon a substance. On this view all of the frequencies 
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for the atom are operative at once. There is no talk of 
transitions between energy levels. It is quite true that the 
matrix theory does lead to a set of constants for the atom, 
equal in magnitude (with minor reservations) to the energy 
levels of the atom on the Bohr theory, but there is nothing 
to require that only one of these numbers is to be associated 
with the atom at any one time, and that the atom itself is to 
be regarded as suffering transitions from one energy level to 
another. If, however, with the idea of retaining the Bohr 
picture for reasons other than the optical, reasons associated 
with quantum phenomena, with collisions for example, we 
are willing to take one more step in the direction of pure 
formalism, we may regard the amplitudes calculated on the 
matrix theory not as amplitudes of an oscillating doublet at 
all, but simply in the following light. We may say that the 
atom can exist in only one state at a time. If it is in one of 
these states characterized by the constant W, (energy level 
on the Bohr theory), the probability that it will go to a lower 
energy level W, in a time dr is proportional to the square of the 
amplitude qı: of the oscillation which the matrix theory gives as 
associated with the frequency (W, — W2)/h. Then, in order 
to realize a definite intensity to the radiation emitted, it is 
necessary to add an additional postulate, quite unknown to 
the matrix theory itself, to the effect that the total energy 
radiated in the frequency vız is hriz. 

In spite of the purely formal nature of this specification of 
the interpretation of the amplitudes it is, in a sense, more 
satisfactory than one which attempts to regard these ampli- 
tudes directly as the amplitudes of an oscillating doublet; 
for it leaves open the magnitudes of the intensity to the 
extent of our assigning how many of the atoms are in the 
various energy states, and so it permits various distributions 
of intensities among the lines appropriate to various kinds of 
excitations. An attempt to picture the matrix amplitudes as 
the amplitude of an electric doublet would lead to two 
difficulties. In the first place the spectrum of the -atom 
would be a definite thing independent of the degree of ex- 
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citation. In fact the theory would know nothing about 
excitation; and, in the second place, not only would there 
be nothing to symbolize the emission of radiation in quanta, 
but the radiation would go on forever. We cannot escape 
the latter objection on the ground that that which is radiated 
may not be energy, for the practical fact would be that one 
atom A would be able to produce continuous changes in its 
surroundings without itself suffering change; and, the denial 
of this possibility forms a postulate of nature more funda- 
mental, if anything, than that of the conservation of energy. 

Of course, in the form in which the matrix theory speaks 
of transition probabilities, and in the light of the picture of a 
number of stationary states, only one of which is possible at 
a time, what the matrix theory secures over the Bohr theory 
is that, except for questions of the uniqueness of the algebraic 
equations, a matter into which I will not enter, (1) it always 
is sure of leading to a definite and discreet set of energy 
states, which the Bohr theory is not; and (2) it leads to a 
definite set of amplitudes which may be used as material for 
the discussion of intensities. To the extent that the latter 
end is secured in the Bohr theory through the correspondence 
principle, it is only secured through the aid of an admixture 
of a certain amount of empiricism. 

The Schrodinger Theory. Turning now to the Schrödinger 
theory, as exemplified in the hydrogen atom at any rate, we 
recall that, again, the starting point is a certain Hamiltonian 


form 
I 


H = — (pè + 024+ pe) +V. 


2m 
Replacing the p’s by 


W aw, aw 
Pz = 3x? Y“ ay! on az’ 


where W is the action, it results that if we subject the p’s and 
codrdinates to the Hamiltonian equations, 
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and for a conservative system, that is, one where V does not 
involve the time explicitly, — (@W/dt) is equal to a constant 
E, the energy of the system. 

While we think of W as applying to the particle, any 
solution of the above equations specifies a value of W for 
each value of x, y, z and ¢, independently of whether there 
be any particle at the point in question or not. 

Consider any point on a surface over which, in some 
solution of this equation, W is a constant and then move 
perpendicular to this surface to another point at an in- 
finitesimal distance dn. If we wait there for a time dt 
such that 


o= a dt + grad W-dn, (6) 


we shall encounter the same value of W since we have chosen 
dn and dt in relation to each other in such a way that dW, 
which is represented by the right-hand side of (6), is zero. 
The value of dn/dt, which we shall write as u, represents the 
velocity with which we must move perpendicular to a surface 
of constant W in order that the value of W which accompanies 
us shall remain constant. We see from the above that 


zW] 
u = —; j grad W, 
which, by noting that dW/ot = — E, and that, therefore, 
from (5), [grad WF = 2m(E — V), gives 
Z E (7) 
* = mE — V) J” í 


The quantity u is thus a definite function of position in 
space for the assigned problem with its given E and assigned V. 

We now suppose that there is some quantity W’ which 
satisfies a wave equation 


= 0, (8) 


with this velocity u occupying the position appropriate to the 
velocity. 


528 W. F. G. Swann. [J. F. I. 


We then limit ourselves to solutions of this wave equation 


of the form 
Y = E(x, y, zje Eu, 


so that on substituting this in the wave equation itself we 
arrive at Schrédinger’s equation ¢ 


8m 


Vp 


(E — V)¥ = 0. 


As will be recalled, we then proceed to confine ourselves to 
cases where the differential equation has solutions for W 
which are finite, continuous and single valued throughout all 
space. Taking the case where V has the form — e?/r, this 
procedure leads to a restricted set of possible E’s, at any 
rate for E negative. These E’s are associated with the energy 
levels of the hydrogen atom and they are the same value as 
those given by Bohr’s theory. 
We now write down the quantity 


Q = yer" hi tih + poe?” iB tik + e., (9) 


where Y, is a solution of Schrédinger’s equation for E = Fi, 
WV, is a solution of the equation for E = Ee, and so on. We 
then write down the conjugate of this expression, namely, 


Q = Wiener iBithh 4 yyer iEth h n.n, (10) 


and form Q9, which is 


OD = VP + y? H o + dive cosg (Ei — Eet + + (11) 


By this device of multiplying Q by its conjugates we realize 
a real quantity QQ whose frequencies are the differences of 
the frequencies for the quantity Q, and it becomes an 
appropriate quantity to christen electric density. 

The association of QQ with an electric density in the case 
of a system of many degrees of freedom carries us far into 
the realms of abstract thought, and I must content myself 
for the time being by confining attention to cases of no 
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more than three dimensions such as that of the hydrogen 
atom. The fact that, as can easily be shown, the value of 
22 when integrated throughout space is always constant 
enables us to define for it at each point in space a velocity v 
which will result in obedience to the equation of continuity 


Op . _ 
ap t div pv = 0. 


The quantities p and pv thus defined may now serve to define 
a set of electromagnetic vectors through the circuital relations 
of electromagnetic theory, in the manner we have already 
indicated. The actual method of procedure adopted by 
Schrödinger is to define S/S QQzdr for example as the z 
component of the moment of a doublet, the integral being 
taken formally throughout all space, but, in practice, effec- 
tively through only a very small part of it. The moment 
thus becomes the sum of a number of periodic terms of the 
form 


M = Ax cos" (Ey — E2)t + Ais cos (Ey = E3)t 


2T 


+ -e Amn COS i (Em Ent +++. 


Now on this sketch of the theory a few remarks must be 
made. Considering the application of the foregoing procedure 
to the hydrogen atom, one’s first reaction is one of concern 
on recalling that while the Hamiltonian function H is that 
for a particle revolving about a center of force, we have, 
by a rather tricky procedure, evolved another sort of a charge 
distribution. What is the relation between the two? Two 
courses are open to us in the adjustment of our mental 
equilibrium in this matter. We may deny that the original 
point particle had any status in reality at all, and we must 
then regard H as simply a mathematical form appropriate as 
a starting point from which to evolve by simple mathematical 
operations the set of numbers E, E2, ---, etc., and also to 
evolve ultimately a definition of electric charge density and 
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so of electromagnetic vectors which can experience space time 
variations with the frequencies determined by the difference 
of the numbers E, Ez, ---, etc. The older theories started 
with the model, guaranteeing as far as possible simplicity for 
that from the start, and tolerating all subsequent complexity 
of mathematical expressions because they came from that 
nice model. Here our starting point to which we shall 
attach the label of simplicity is a mathematical expression. 
The model, the distribution of p, is devised from it and is a 
thing of complexity. Anyone who could have guessed the 
model at the start could, by working backwards, have arrived 
by processes of definition at our subtle expression for H and 
have shown, as we have shown, that an analytical equivalent 
of his guess was the formally simple starting point we have 
made. Let us be honest with ourselves, however. We should 
have objected to our friend’s guess because he would have had 
to guess such a lot—so many E’s, etc. 

For anyone who wishes to retain the elementary picture 
of an electron and nucleus appropriate to the Hamiltonian 
function on the older lines of thought, a way is still open. 
We may regard the process we have outlined as that of 
setting up a method of specifying, or, if we like, a method of 
defining, through (8), a quantity ¥y’/—a wave motion which is 
associated with the particle—not associated in the sense that 
the particle produces the wave motion but merely in the 
sense that when one exists the other exists. And, in the 
same sense we may regard the distribution p which we specified 
as one associated with the charge without thereby being the 
same thing. If we like we may say that just as at the be- 
ginning of this paper we emphasized the definitional nature 
of the electric and magnetic vectors in terms of a density p 
and a velocity v supposed assigned, the justification for their 
being defined being a hope for their ultimate usefulness, so 
now we emphasize the definitional nature of p and pv them- 
selves in terms of another more fundamental entity, the 
electron of old classical theory, robbed now of all of its 
electromagnetic properties which are handed on to p and p, 
and retaining only its dynamical characteristics. 
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The Bohr theory merely carries matters to the stage of a 
determination of the energy levels and then says no more 
about the velocities other than that, somehow or other, they 
arise with frequencies equal to the differences of the energies 
divided by k. The Schrödinger theory goes further in defining 
a real quantity QQ which can be associated with the ultimate 
charge density, and which then gives rise to electromagnetic 
vectors with wave characteristics and with the frequencies 
desired. 

One of the criteria which presents the greatest artificiality 
at first sight is that which imposes the condition that the 
mysterious quantity y shall not be infinite at infinity. Little 
comfort can justifiably be derived from the general statement 
that no physical quantity can become infinite, for y has not 
made its appearance in the analysis heralded by any particu- 
larly physical sponsors. It would seem to have no more 
right to that mysterious title involved in the term physical 
quantity than 1/y has. We should be perfectly happy to 
have y zero at infinity, as indeed it turns out to be, and in 
this case 1/y would be infinite there, a curious truth which 
ought to alarm anyone who pins his faith on the finiteness of 
everything which he calls a physical quantity. I think, 
however, it is possible to impart a satisfactory amount of 
meaning into the condition that y shall not be infinite at 
infinity by observing that insofar as the amplitudes of the 
harmonic terms which constitute p turn out to be of the form 
WmWn, values of y which were infinite at infinity would, in 
general, lead to charge densities which were infinite there. 
Our restriction to cases where the y’s are not infinite at 
infinity amounts, therefore, not so much to a vital restriction, 
as to a limitation of our interest to those problems for which 
the charge density is not infinite at infinity. Put in other 
words, we may say that it is our intention to try and get on, 
as far as the correlation of all natural phenomena is concerned, 
by restricting our atomic pictures to those in which p is not 
infinite at infinity. 

There is another matter concerned with the quantity y’ 
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which is worthy of comment. y’ is the quantity which 
satishes the wave equation (8) and with which is associated 
the velocity u. It is the so-called waves of this quantity 
which are regarded as diffracted by a grating in such a 
manner as to correspond to the experiments of Davisson and 
Germer on the diffraction of electrons by crystals. Let us 
recall the argument. 

The energy associated with the electron is purely kinetic, 
so that E = mv. The yw’ waves which are associated with 
the electron consequently have a velocity 


E E \12 


The frequencies of these waves is E/h so that the wave- 
length is: 


y=“ Pee LF 
v NamE mv" 


Experiment shows that the electrons are treated by the crystal 
as electromagnetic waves having this wavelength would be 
treated. But the y’ waves are not electromagnetic waves. 
As a matter of fact y’ is not even a real quantity for 
y = pe #4. Ordinarily when we write a quantity with an 
imaginary exponent we desire it to be understood as meaning 
thereby only the real part. Such is not the case here, how- 
ever, for it is precisely because y’ is the whole complex 
quantity we?"'*"" that the expression when multiplied by its 
conjugate gives rise to a real charge density with frequencies 
determined by the differences of the E’s. We thus have the 
spectacle of a really “complex” quantity acting on a real 
crystal in such a way as to suffer diffraction by means of it. 
Now, I do not think that we ought to shut our eyes to the 
possibility of using complex quantities in our physical theories 
in such a manner as to give them a more dignified status 
than that of mere analytical intermediaries. We might 
enrich the content of our means of expressing valuable 
relationships by attaching to a planet three complex quantities 
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for its codrdinates instead of three real numbers. It might 
be that equality of the real parts for two planets might 
symbolize a collision and equality of the imaginary parts, 
some other common property. However, we do not custom- 
arily do this kind of thing, so that it is just as well to realize 
quite clearly that we are doing it when we speak of the y’ 
waves as being diffracted by a crystal. I hope to show 
presently how we may avoid the undesirable features associ- 
ated with a “complex” y’ function, but, before doing this, I 
should like to raise another difficulty in order that we may 
make an attempt to overcome both difficulties at the same 
time. 

Returning once again to the ultimate picture presented by 
the Schrédinger atom for the three-dimensional case, the 
quantities y in the expression for the density are undetermined 
to the extent of arbitrary constant factors, so that without 
further specification there is nothing to fix definitely the 
relative amplitudes of the harmonic terms in the expression 
for the electric moment associated with the atom. The 
missing feature becomes filled in by what turns out to be a 
possible association of the coefficients of the harmonic terms 
in question with the elements mn as given by the matrix 
theory. I do not propose to discuss this matter further than 
to remark that even when the coefficients have become fixed 
we are in the same difficulty as we were in with the matrix 
theory in respect to the meaning of the results obtained. 
The immediate interpretation implies all the frequencies as co- 
existent at once, and fails to provide for radiation in quanta. 
We can still revert to the formal plan of saying that the 
picture does not represent the facts at all, and that we really 
do have stationary states represented by the E’s, that the 
atoms can only be in one of their states at a time, and that 
the coefficients referred to above determine the probabilities of 
transitions. Unfortunately, our definition of charge density 
and our realization of a vibrating mechanism in terms of 
this charge density are carried too far in the theory to permit 
us to rob the charge so defined of the power to complete the 
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whole story—at least if we do rob it of this power there 
remains nothing to our feat of having brought it into existence, 
and the whole theory reverts to a purely formal procedure for 
calculating the frequencies and intensities. 

In spite of the above diffculty, a way is open to us of 
preserving a significance to our charge density—at least in a 
case of no more than three degrees of freedom; and, at the 
same time, we shall be able to avoid the unwelcome concept 
of a y wave which is complex. 

Our starting point is again the equation 
Py’ 

L 


JE = ev, (12) 


but instead of writing y’ = we?*"¥!/* we shall write 
vy’ = y cos 2rEtjh or y sin 2rEt/h. 


Each of these, when substituted in (12), leads to Schrödinger’s 
equation for y, so that they serve as well as the solution 
y’ = peitu for the purpose of leading to a means of 
specifying characteristic values of E through that equation. 

Now, however, instead of defining 2 by the sum of a 
number of terms involving all the possible values of E as 
in (9), we reconcile ourselves to the belief, so familiar in the 
old Bohr theory, that even when radiation is occurring, the 
atom may be in one state of radiation or in another, but it 
can only be in one state of radiation at a time, and that in 
the expression of this state only the two energy levels 
associated with the particular transition are involved. For 
the state of radiation typified by the subscripts m, n, we 
make the following definitions: 


= log [Ym cos 2rEmt/h], 
= log [Yn cos 27E,t/h], 
= log [Ym sin 27E,,t/h ], 
= log [Yn sin 27E,t/h |. 


We then define 
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S = Sm + Sa = log YmYn cos ETEN cos ETEN, 


2TEmt . 27E,t 
h sın h ’ 


S = Sa +S, = log YaWn sin 


and finally we define p as 


— 2TEmt 
p = eS + e5 = van | cos z cos > 


or 2TEmt . a 
sin ——>— sin —— f 


P = YmÝn cos" (Em — E,)b. (13) 


so that again we have realized a definition of p having the 
desired characteristics, but without importing, as an inter- 
mediary, a y’ wave having to do with other than a real 
quantity. One might be inclined to criticize the above pro- 
cedure on the basis of artificiality, but it is really no more 
artificial than its immediate predecessor, for in that there 
was no reason for defining p as it was defined by (11) other 
than the fact that the p so defined had the appropriate 
frequencies. Indeed the p which we have defined in (13) 
has a more clearly understandable status than has the old p. 
We may, if we like, regard it as the p belonging to the virtual 
oscillator of Bohr, Kramers and Slater ! for the frequency vmn. 
It is, I think, better to regard it as having no particularly 
close relation to the electron’s charge. It is something which 
comes into existence during the “transition.” One with ultra- 
materialistic leanings will probably wish to regard it as 
precipitated from the zther, to be redissolved again when its 
task is accomplished. Even if its creation violates the 
equation of continuity, the conservation of its total amount 
provided for by the normal functional nature of Ym and Wp 
enables us to define, as associated with it at each point of 
space, a velocity v which preserves the equation of con- 
tinuity during its existence in the form specified by (13); 


1 Phil. Mag., S. 6, Vol. 47, pp. 785-802, 1924. 


536 W. F. G. Swann. J. F. I. 


and, with this properly assured, it can serve in conjunction 
with pv to define a set of electromagnetic vectors E, H, 
satisfying Maxwell’s equations, as already explained. 

For a one-dimensional case, corresponding to a free 
particle moving with velocity w, the procedure above sketched 
leads to the two solutions 


y=y cos #7 and y sin a, 


with y satisfying Schrédinger’s equation, which in this case 
takes the form 
2x 8r°m 
Ox? an h? Ey = o, 


leading to the two solutions 
y=A cos 7 (8mE)! x and B sin> (8mE)!'!?x. 
y’ then has the various possible values 


ue t, Bsin-= 7 (8mE) "x sin one 


2 
1/2 
A cos= ; (mE) 2s cos —— i i 


2TE 2TE 
A cos = z, (8mE) "x sin Fi and 8B sin- z (mE) "x cos = 1. 
By combining two such solutions we can, of course, construct 
a quantity proportional to 


cos kä -7 7, (mE) x — J 
representing a wave traveling with velocity 2(E£/8m)!'”. 
Putting E = ġmař, the velocity of the wave is w/2. 

If one attempts a procedure similar to the above in the 
case of a system of more than three degrees of freedom, he 
encounters a difficulty arising from the fact that p then 
becomes defined in the space of the generalized coördinates, 
and there is no immediately obvious way in which a physical 
significance may be preserved for it. However, a little 
further scrutiny of the matter raises the question as to 
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whether there was ever any necessity to have brought it 
into existence at all. 

Two quantities p and pv are necessary, in general, to 
serve as a starting point for the definitions of a pair of vectors 
E and H satisfying Maxwell’s equations. By proceeding to 
the limiting case for two equal and opposite charges in close 
proximity, we may, however, realize definitions of E and H 
requiring only the specification at each point of a vector M 
and its time derivative, M corresponding of course to the 
moment of a doublet. In particular, the specification of M 
and M at one particular point is sufficient to serve as the 
starting point for the definition throughout all space of a pair 
of vectors E and H satisfying Maxwell’s equations. 

Now, except for slight complications in the algebraical 
expressions, the argument we have already made down to equa- 
tion (13) applies as well for a multidimensional as for the 
three-dimensional case, but in the former case Ym and y, are 
functions of all the generalized codrdinates, so that p no 
longer has a significance as attached to a three-dimensional 
space. The subsequent procedure usually adopted for arriv- 
ing at the moment by integrating throughout the multi- 
dimensional space does, however, lead to a definite quantity 
M, a vector characteristic of the atom and of the m-n 
transition, a vector, moreover, whose magnitude varies har-. 
monically with the frequency vmn desired. The analysis does 
not assign any point of application for this vector. On the 
other hand, it does not place any restriction on our assigning 
it to a single point in the atom, if we so wish. If it had 
represented this vector as a sort of resultant of a number of 
vectors applied at different points of the x, y, z space, we 
would not have been at liberty to regard it other than in 
the light in which the analysis presented it tous. As matters 
stand, however, we are free to assign this vector to any point 
of the atom we choose, and it with its time rate of change 
provides a basis for defining our E and H throughout space, 
without any further thought of a real density distribution p 
associated with it. 

VoL. 205, No. 1228—37 
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It is perhaps worth while to bear in mind that a grave 
difficulty always remains in any theory which seeks to attain 
its end by providing for an oscillator which sends out waves 
of some kind or other as the causes responsible for the optical 
effects. The difficulty is concerned with the comparative 
rarity of such phenomena as the photoelectric effect—the old 
question as to why all parts of the wave front do not produce 
the same effect. The difficulty of an ordinary electromagnetic 
wave being unable to give to an electron in a reasonable time 
photoelectric energy comparable with that observed is not 
one which need trouble us seriously, for an adjustment of 
the law of force might readily be made to overcome this. 
Such adjustment does not provide for the fact that only an 
electron here and there is ejected, however. We have always 
revolted against the thought of only a few atoms being in a 
state receptive to photoelectric influence, and if we decide to 
rule this thought out of court, and yet retain the electro- 
magnetic wave idea as a language in which to describe the 
phenomena, it must be in the capacity of a guide to determine 
the paths of quanta, for example, through the agency of the 
so-called Poynting vector, or as a controller of the probability 
of quantum events that we must regard the vectors. For- 
mally, the Schrödinger theory has its own method of de- 
termining such a phenomenon as a photoelectric effect; at 
least such is the case in a view which regards the electrons as 
synonymous with the distribution of p with which the theory 
concerns itself. For, the logical pursuit of the consequences 
of the theory makes us see the light wave coéperating with 
the atom whcse electron is to be ejected in such a way as to 
secure for the system of atom and light wave a Hamiltonian 
function which shall in turn lead to a Schrédinger equation 
which will, in the ultimate solution for p as a function of 
x, y, Z, tell the story of the photoelectron’s departure from the 
atom. Even here, however, there seems to be nothing 
obviously available to provide for the infrequency of the 
event. 
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doubly refracting when placed in a powerful 
electric field, the rotation of the plane of polarization being 
proportional to the square of the electric intensity E£. If, 
therefore, we let n, and n, be the refractive indices for 
light vibrating parallel and perpendicular respectively, to the 
direction of the applied electric intensity, then the specific 
rotation, i.e., Kerr’s constant K is given by the relation that 


Np — Ms 
TE (1) 


where à is the wave-length of the polarized light for which the 
double refraction is measured, the direction of propagation 
of the incident beam of polarized light being perpendicular 
to the direction of the applied electric field. 

The natural explanation of this effect is to regard the 
plane polarized light as separated into two circular compo- 
nents with opposite rotation, then the rotation of the plane 
of polarization will depend on the difference in the refractive 
indices for the components of each of these components. 
On the basis of this simplification, together with the results 
of the classical theory of dispersion, a value for the specific 
rotation in terms of known constants has been derived by 
Gans! and others, which agrees well with the experimental 
results for the case of an applied electrostatic field. 

On the basis of this theory, it can be shown that the specific 
rotation can be expressed in the following form 


1 Ann. der Physik, Vol. 65, p. 97 (1921). 
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jn 


K = x — 96, 
where v is the number of molecules or atoms per unit volume 


and 


a =C -BA B) +B- OBCO o 
+ (C — A)(C! — 4')], 


where k is Boltzmann’s constant per molecule; T is the 
absolute temperature; A, B and C the moments induced in 
the molecule along three perpendicular axes by unit electric 
force in the incident light wave acting along these three direc- 
tions; and A!, B!, and C? the similar moments induced along 
the same directions by unit electric field E which produces 
the double refraction. 

For a non-polar molecule in the presence of an electro- 
static field E, 


where ô is the dielectric constant and n the refractive index 
outside the field. 
The Ha for 6, then becomes 


I 


m= 45kT ay — I 


~[(A — B} + (B — C} + (C — A)*}. 

Now from the theory of light scattered by an optically 
anisotropic molecule, the factor of depolarization, r, of the 
transversely scattered light is given by 


pan a de E (Ces 2 
ro| 2 | + 7i - BY + B - CF + c-ar] 


where the factor of depolarization is defined as the ratio of 
the difference of the intensities of the scattered light polarized 
in two mutually perpendicular directions to the sum of those 
intensities, or 

LA aad, 2 

Sit Ja! 
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where J, represents the intensity of the scattered light 
polarized in one direction and J» that of the light polarized 
in a direction perpendicular to the first. 

From these equations we readily obtain as the relation 
between Kerr’s constant and the factor of depolarization 


3(n — 1)(6 — 1) r 
j 4rvkT 6- 7r (3) 


As an example of the type of agreement existing between 
theory and experimental observations, we shall consider the 
case of COs, for which 


r = 9.8 X 107’, 
n — I = 4.18 X 1074, 
ô — I = 8.93 X I0%, 


K = 0.24 X 10™ observed. 
From the calculation of the above expression for k we find 
K = 0.28 X 10™™, 


which isa very satisfactory agreement, considering the accuracy 
of the experimental observations is no more than 10 per cent. 

H. Kopfermann and R. Ladenburg,? in their investigation 
of the double refraction of sodium vapor at 200° C., i.e. at a 
pressure of 10-5 mm. of Hg. approximately, found a value 
for the change in index of refraction of 


Ny — N, = 3.5 X 107%, 


which resulted from the passage through a region 2.8 cm. 
long within the electric field, whose electric intensity was 
100 e.s.u. 

3.5 X 107 


so that K = 5.9 X 10° X 108 


= .59 X I10™. 


In order to account, then, for the experimentally deter- 
mined results, Ladenburg and Kopfermann derived an expres- 


2 Ann. der Physik, Vol. 78, p. 659 (1925). 


542 ARTHUR BRAMLEY. (J. F. 1 


sion of the following forms from the considerations involved 
in the quantum theory discussion of the Stark effect. 


K = k(n? — 1)(* — N), (4) 


where k is a known constant. 

n is the refractive index for the wave-length of the light 
whose rotation of plane of polarization is determined. 

A” is the wave-length of the Stark component whose 
emitted radiation is polarized parallel to the electric field 

and A” is the wave-length of the Stark component whose 
light is polarized transversely to the field. 

Since the Stark separations are proportional to the square 
of the electric intensity, the formula gives qualitative agree- 
ment with the experimental data. 

From their measurements on the Kerr effect, Ladenburg 
and Kopfermann find for the Stark separation X" — M, at 
30,000 volts per cm., 


the value A” — M = 0.75 X 107° Å., 


while from the Stark effect separation in sodium vapor, 
the value X" — X = 0.88 X 107° Å., 


is found, which is very satisfactory agreement with the experi- 
mental data obtained from different sources, considering that 
they assumed that the probabilities of the two types of 
transfer were equal. 

However, in order to compare the calculated value for the 
Kerr constant with the experimentally determined value of 
the same, account had to be taken of the structure of the 
sodium line after passing through several cm. of absorbing 
vapor. From an investigation of the structure of the line, 
Ladenburg found that the center of the line had been entirely 
absorbed so that the line could be regarded as two lines at 
a distance 0.025 A. apart; the intensity distribution of the 
original and the absorbed line are shown in Fig. 1. Since, 
however, the rotation is the same on both sides of the central 
line, the specific rotation will be equal to that due to either 


Apr., 1928.] ANOMALOUS KERR EFFECT. 543 


of the two components present after passing through the 
absorbing layer of vapor. 


Fic. 1. 


i é 
'0025A"| 


Intensity 


ooo ee OO A 


In the experiment we are going to describe, the Kerr 
constant was measured at the two voltages of 2,000 and 
1,000 volts/cm. respectively for sodium vapor at the vapor 
pressure corresponding to its equilibrium with sodium for 
temperatures between 130° C. and 350° C. illuminated with 
the sodium D lines. The diagrammatic sketch of the appa- 


ratus is shown in Fig. 2. 
Fic. 2. 


T 


This consists of the source S, a sodium gas burner, the 
tube T which is inside of an electric furnace which allows 
the temperature of the tube to be varied within the described 
limits—this tube contained two nickel plates placed parallel 
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to its axis 3 cm. apart and supported by tungsten leads sealed 
through the glass wall. The rotation was observed by means 
of the polarimeter, consisting of the analyser 4, the polarizing 
nichol P and the quarter wave plate W. In the operation of 
the apparatus, light from the source S passed through the 
polarizing nichol P, through the window in the furnace, into 
the cell T along the axis of the tube and between the two 
plate electrodes, which were 2 cm. square, and then through 
the analysing system W and A. 

The observed rotations, plotted as a function of the tem- 
perature are shown in the accompanying figure. 


Ffotaton 


Temperature 


It will be seen that if we fix our attention on any one of 
the curves taken at constant electric intensity, e.g., that for 
V = 2,000 volts/cm., that as we increase the temperature and 
therefore the pressure of the sodium vapor that the rotation 
diminishes and becomes zero at 220° C. approximately. If 
the pressure is still further increased the rotation changes 
sign and increases with increasing temperature. If we study 
the curve for V = 1,000 volts/cm., we see that the rotation 
is much larger at first but diminishes in the same way as 
that which we have just described, falling to zero at 275° C. 
approximately. After this point the rotation increases with 
increasing pressure in the reverse direction and exhibits the 
normal Kerr effect, i.e. the rotation is } that of the curve for 
V = 2,000 volts/cm. at the same temperature, as we should 
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expect from equation (1) or (3) connecting the rotation with 
the square of the electric intensity. 

The quantum theory of the Kerr effect which we have 
just considered is obviously unable to account for the phe- 
nomena observed at low temperatures, where the absorption 
is small, because it is not at the present time in a position 
to account for anomalous dispersion. However, besides the 
classical presentation which we considered first, Voigt * has 
calculated for a harmonic oscillator the rotation produced 
by an electric field when the oscillation is acted on by a 
restoring force F proportional to the displacement x of the 
form 


F = (K + fX’)x, 


where k and f are constants associated with the oscillator and 
X the electric intensity in the x direction at the atom due 
to the externally applied electric field. 

From this assumption, he finds the following values for 
the index of refraction n” and n” for light whose electric 
vector is parallel and transverse to the direction of the applied 
field respectively, 

p ; 
nè = n — n t=v-1 (5) 
and an analogous formula for ne, where vo is the position of 
the line, when no field is applied, » the frequency of the 


incident light. 
p = v — vo. 


p and v are constants associated with the oscillator and 
no is the index of refraction, neglecting the term due to the 
line at the frequency vo, while u, is the displacement of the 
line due to the internal field, where 


My = cX? 


according to the theory of the Stark effect. 

In Fig. 4 are shown the values of n, n, and n, — n, 
calculated according to this theory in the vicinity of the line 
at vo The curve in Fig. I represents the distribution of light 


3 Voigt, ‘Magneto und Elektrooptik.”’ 


546 ARTHUR BRAMLEY. [J. F. 1. 


intensity in the incident beam whose rotation we are measuring. 
The effect of changing the electric field is to displace the 
curves n, and n, by an amount, which, according to the 
theory of Voigt, is equal to the displacement of the Stark 
components, but without altering the form of the functions. 


Fic. 4. 


/ndex of Felrac 


` ee Nl ee O Wave.L- 


NZ Re 
<«— 0. 54° ————_—— 


From Fig. 4, which represents the rotation at a field of 
30,000 volts/cm., we see that at a low temperature, e.g. 
T = 130° C., where the absorption is negligible, the average 
rotation of the incident beam is negative, whereas at T = 220° 
C. where the central part of the incident beam has been totally 
absorbed (represented by the shaded area in Fig. 1), the 
average rotation is positive and varies directly as the square 
of the electric intensity, since the rotation outside of the 
maxima A and A’ can be calculated according to the simpler 
theory given in equation (4). Such, in general character, 1s 
the type of phenomena observed in the two curves given for 
electric intensities of 1,000 volts/em. and 2,000 volts/cm. 
respectively. However, since the position of the points where 
nN, = n, are displaced only an inappreciable amount by alter- 
ing the electric field, we would expect from this theory that 
the magnitudes of the temperatures for which the rotation 
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was zero would be unaltered by applying the electric field and 
also that at T = 220° the rotation would be positive on 
account of the absorption band. We actually found, how- 
ever, that the experimental values are zero or negative; 
however, the values found by Ladenburg and Kopfermann 
at 30,000 volts/cm. gradient give a large positive rotation as 
we would expect, from the manner in which the values of the 
specific rotation vary with electric field in the experiments 
described above (see Fig. 3). 

In the considerations, so far, we have neglected the prob- 
ability of the various transitions involved in the process we 
are considering. If we introduce the probability factors A" 
and A’ respectively for the probabilities of the transitions 
from the two new energy states of the Stark pattern, then 
equation (5) takes the form 


2 2 — o PA PONEO 
ny = No y — (wu — p* — iv) (6) 
and a similar equation for n. 

Now we know from the experiments on resonance radiation 
that the probability coefficients A* and A’ approach equality 
as the temperature or the electric field is increased. Thus 
we would expect the duration of rotation would depend at 
low temperatures in a marked manner on the probability 
factors as is predicted by theory. 

Now for equal Stark and Zeemann separations the amounts 
of polarized resonance radiation at the same temperature 
should be equal,‘ so that the data on radiation scattering in 
magnetic fields ought to be able to give us some information 
on the probability coefficients in an electric field. The work 
of Datta ê has shown that the resonance radiation increased 
markedly as the temperature was lowered and also that at 
low field strengths the percentage of the radiation polarized is 
much greater than we would expect and may even equal that 
for much greater fields at these temperatures, e.g. T = 135° C. 

t Hanle, Zeit. f. Phys., Vol. 35, p. 346 (1926). 

$ Zeit. f. Phys., Vol. 37, p. 625 (1926). 


548 CURRENT TOPICS. [J. F. L. 


Solar Radiation in the Extreme North. O. KESTNER. (Natur- 
wissenschaften, Nov. 4, 1927.) It is well known that in high 
northern latitudes many plants bloom and come to maturity in 
spite of the brevity of the summer. There is in addition much 
similarity between Arctic and Alpine fauna and flora. How is it 
that in the far north plants can accomplish so much in the brief 
time at their disposal? It is certainly not because of a higher 
average temperature. May in Hamburg is about 8.5° C. warmer 
than Hammerfest. The greater length of the day accounts for 
only a part of the difference. 

Recently investigation has shown that not only temperature 
but also the ultraviolet content of the radiation from the sun plays 
a part in the development of animals and plants. Especially the 
shorter waves of this spectral range favor metabolism, increase 
the number of red blood corpuscles and aid in the formation of 
valuable chemical compounds in the organism. Measurements 
made on these rays with the cadmium cell led to the expectation 
that, owing to the: low altitude attained by the sun in northern 
regions, there would be there a lack of the short waves. The 
author made observations in Lappland and other parts of the 
Scandinavian Peninsula and found that the intensity of ultra- 
violet light from the sun is greater in northern regions than in 
Hamburg. When the sun was 40° above the horizon in a northern 
station, the instrument gave an indication about twice as large as 
for the sun at the same altitude in Hamburg. The curve connecting 
altitude of the sun and instrument readings made in the north 
lies between like curves for Germany and for the Jungfrau in 
Switzerland. When not only the radiation coming directly from 
the sun to the instrument but also that reaching it after diffusion 
was taken into account, the difference in favor of the north in respect 
to Germany was much more marked. Ernst claims that plants as 
well as man depend upon the ratio of ultraviolet radiation to heat. 
The numerator of this fraction is large for high mountains and for 
northern latitudes. The denominator is small for the same two 
regions. From this similarity results the resemblance in the organic 
life in these two parts of the earth, and from the relatively large 
value of the ratio comes the explanation of the rapid growth of 
plants during the Arctic and the Alpine summers. G. F. S. 


NOTES FROM THE U. S. BUREAU OF STANDARDS.* 


STEVENSON CREEK (CALIF.) ARCH DAM. 


Tue Bureau of Standards has coéperated with the Com- 
mittee on Arch Dam Investigation of the Engineering Foun- 
dation in the construction and testing of a concrete arch dam 
in the mountains near Fresno, California. The electric 
telemeter developed by McCollum and Peters of the bureau 
was used in the tests and made possible the measurement 
of strains with a high degree of precision at places entirely 
inaccessible by other means. Ideas for other instruments 
partially developed at the bureau were furnished to the 
committee and, after further development, instruments based 
on these ideas were successfully applied in the work. W. A. 
Slater of the bureau’s staff spent approximately two years in 
California in charge of the test and in the preparation of 
the report. | 

No further tests have been made since the note published 
in Technical News Bulletin No. 117 (January, 1927). How- 
ever, the dam has undergone severe tests occasioned by 
floods since the time that the former news item was prepared. 
A flood which destroyed all the observation platforms and 
caused the choking of the undersluice filled the reservoir with 
rock, sand, and silt to an average depth of about 4o feet at 
the upstream face of the dam. With this debris against the 
dam the water filked the reservoir and at times rose to a height 
of about 3 feet above the crest of thedam. From November, 
1926, to July, 1927, and again during the present winter the 
reservoir has been full and a small amount of water has been 
running over the top of the dam. The only observed effects 
produced by this unexpected pressure of debris and water 
have been a slight extension of one of the cracks near the 
bottom of the dam, which occurred during a previous load 
test, the formation of an additional crack near the bottom, 
- * Communicated by the Director. sti‘; Ot 
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and a small increase in the deflection of the dam. At the 
time of the latest examination (July 13, 1927) all other cracks 
remained about as they appeared in October, 1926. 

The test has yielded results which give direct information 
on the temperatures in the concrete, and on strains, stresses, 
and deflections in the dam. The results also afford a basis 
for comparison with the stresses and deflections as computed 
by current methods of design. There was reasonably good 
agreement with the computed stress at approximately the mid 
height of the dam, but at the top the agreement was poor. 
Results of tests on a celluloid model of the dam at Princeton 
University agree so well with the results from the actual 
structure that added confidence is felt in the use of models in 
designing arch dams. The Bureau of Reclamation is building 
a concrete model of the Stevenson Creek dam at the Uni- 
versity of Colorado, Boulder, Colo., which will be tested for 
comparison with the Stevenson Creek dam, also a model of 
the Gibson dam, which is to be built in Montana and which 
will be about 900 feet long and 165 feet high. The model 
will be tested as a check on the design of the dam as made 
by the Bureau of Reclamation. 

The highest temperature observed in the concrete was 
about 47° C. (117° F.). This occurred at an elevation of 
about 4 feet within about 24 hours after the placing of the 
concrete. The dam is about 6 feet thick at this elevation. 
The decrease from maximum temperature was rapid and an 
equilibrium with the air temperature was reached in about 
ten days. ° 

At about 12 feet above its lowest point the dam cracked 
loose from the abutments within a few days after placing the 
concrete at that elevation. Before the beginning of the load 
tests the dam had cracked loose from the abutments on the 
upstream face most of the way from this elevation to the top 
of the dam. On the downstream face the cracking loose 
from the abutment extended from the top of the dam down- 
ward to about the 30-foot elevation. At the bottom of the 
dam under a head of water between 30 and 40 feet there was 
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a separation from the foundation at the upstream face. 
With a head of a little less than 50 feet a vertical crack 
occurred on the center line of the dam extending downward 
about 11 feet. This crack extended entirely through the 
thickness of the dam, but it was wider on the downstream 
than on the upstream face. The crack closed as the water 
was raised to the top of the dam. With later loadings the 
crack extended somewhat until, within a short time, it had 
extended downward about 20 feet. The loading due to the 
flood water and debris seemed to have no further effect on 
this crack. 

With a head of 60 feet a vertical crack formed on the 
downstream face of the dam at the center line from about 
2 inches above the bottom to a height of 9 feet. Later it 
extended to a height of 13 feet. The telemeter readings 
indicated that this crack did not extend through to the up- 
stream face. 

Leakage through the dam was small at all times. With 
heads less than 50 feet it showed up merely as moist spots 
at a few places not over 8 inches in diameter. With higher 
heads and long-continued pressure some of the construction 
joints opened slightly, permitting some increase in the leakage. 

The highest stress indicated by the measured strains was a 
compression of about 1,100 lbs./in.?. This stress was found at 
a single point. Everywhere else the stress was considerably 
lower. The compressive strength of the concrete at this age 
as indicated by tests of 6 by 12 inch cylinders 3 months old 
was about 2,800 Ibs./in.?. 

The strains measured by different methods were in fair 
agreement with each other and from these strains it was 
possible to determine with reasonably good approximation the 
amount and distribution of the loads carried by arch action, 
and by bending in both the vertical and horizontal elements. 
The agreement of the sum of the loads so determined with 
the total water pressure forms a check on the approximate 
correctness of the results. 
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WORKABILITY OF CONCRETE. 

A SUMMARY of the study of the methods for measuring the 
workability of concrete which has been conducted at the 
bureau was presented at the convention of the American 
Concrete Institute at Philadelphia, February 28—March 1. 

The plastic properties of neat cement pastes were first 
studied, by measurements of the velocity of a ball pulled 
through the paste. This apparatus gave data of interest but 
could not be applied to the study of the workability of 
concrete. Next a study of the separation of the concrete on 
the flow table was made. After flowing, the concrete was 
divided into two equal areas by two concentric circular 
cutters. The volume and weight of aggregate coarser than 
the No. 4 sieve in each portion were measured, and the 
workability figure calculated as a function of these measure- 
ments. Several shapes of flow table and heights of drop 
were used. There was an indication that the best results 
were obtained with the flat-top table operated with a 1/16- 
inch drop. This method was not, however, found completely 
satisfactory since the influence of mixing time could not be 
determined. The next method which was used measured the 
internal resistance to shear of the concrete by the deformable 
cylinder, as described in Technical News Bulletin No. 114, 
October, 1926. The results obtained with this method were 
encouraging but did not show a marked difference in work- 
ability of lean concrete mixes. The final study was made 
with a modification of the Pearson and Hitchcock penetration 
rod apparatus. This apparatus was modified by making each 
drop of the weight a constant and then by increasing the 
number of rods from I to 3. This apparatus has given the 
most satisfactory index of workability thus far obtained. 

The principal results obtained from the tests may be 
summarized as follows: 

I. The workability as determined by the separation of the 
concrete on the flow table was not satisfactory for several 
reasons. The individual measurements varied too greatly, 
the measurements on mixes of different proportions did not 
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show markedly different results, and the personal element also 
entered too markedly into the tests. 

2. The deforming cylinder apparatus did not measure the 
workability of lean mixes of different proportions distinctly 
and conclusively, nor was the test sensitive enough to measure 
the effect of increase in the mixing time upon the workability. 

3. The modification of the penetration rod apparatus by 
driving in the rod by a falling weight instead of by the inertia 
of the rod when the whole apparatus was dropped has 
eliminated the compacting of the aggregates, and together 
with lightening the rods and driving weight, using three rods 
instead of one rod, and the use of a larger mold, has increased 
the precision of the tests. This apparatus is capable of 
measuring the influence of increased mixing time upon the 
workability, and measures the difference in workability of 
lean mixes with different gradations. 

The studies are being continued. 


NATURAL PROTECTIVE CRUST ON STONE. 


A THEORY which has long been held by stone producers 
and many others concerned with the weathering of natural 
stone is that when the material is exposed to the weather a 
protective skin or crust is formed which tends to overcome 
the effect of the elements. For this reason it is often stated 
that cleaning methods such as sandblasting or any others 
which remove some of the surface of masonry will destroy 
this natural protective coating and materially shorten the 
endurance of the stone. 

Some weathered samples of limestone were recently sub- 
jected to experiments at the bureau to determine if such a 
protective crust actually exists. One sample was a window 
sill from a building about 40 years old and another was a 
sill from a building about 30 years old. Two sets of specimens 
were prepared from each sample, one set having as one surface 
the weathered face of the stone as removed, and another 
having as one surface a face cut 4 inches below the weathered 

VoL. 205, No. 1228—38 
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face. These were tested for permeability, absorption, and 
abrasive hardness. Permeability tests were made under a 
water pressure of 100 lbs./in.? and absorption tests were made 
in such a way that the water was absorbed only by capillary 
forces through one face of the slabs. In all tests the results 
indicated that stone near the weathered face was more 
absorptive, more permeable to water, and softer than the 
material 4 inches below this surface. The permeability of the 
- specimens cut at the exposed face of the sample 40 years old 
was about twice as great as the permeability of specimens 
cut from the interior. Hardness tests indicated that the 
weathered surface was abraded about 50 per cent. faster than 
the unweathered stone. 


“ TRUE” DENSITY OF SEVERAL LIMESTONES USED IN THE 
MANUFACTURE OF LIME. 


IN an investigation at the bureau on improvement in the 
manufacture of lime products it has been found necessary to 
make a study of some of the physical properties of several 
limestones. The properties considered were density, porosity, 
and crystal size. The careful determination of these proper- 
ties, it is hoped, may, on completion of the work, give some 
index as to the optimum conditions to be imposed upon stone 
of different types in order to yield the most satisfactory 
products. 

Density determinations have been made on 12 samples of 
stone, and in view of the limited amount of data of this 
nature available the results are herewith presented. The 
methods used were as follows: The rock samples were reduced 
to pass a No. 200 sieve. A weighed portion of the ground 
sample was placed in a calibrated picnometer which was then 
evacuated to a pressure of 10 mm. of mercury for 2 hours. 
While the picnometer was still evacuated, kerosene was 
added until the sample was submerged in that liquid. The 
picnometer was then filled to the calibration mark with 
kerosene at 25° C. and weighed. The density of the kerosene 
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was determined both under atmospheric conditions and for a 

period of 1/2 hour in vacuo. No appreciable difference was 

observed in the kerosene density under the two conditions. 

The above procedure was therefore considered sufficiently 

accurate, especially in view of the fact that the kerosene was 

exposed to vacuum over the sample for only 2 to 5 minutes. 
The following table gives the results obtained: 


Sample Lo- “True” Lo- “True” 
No. Type. cality. | density. Type cality. | density. 

I High Ca | Mo. Mg Me. 2.882 

2 High Ca | Va. High Ca | Wash. 2.561 

3 High Ca | Ohio Dolo. Ohio 2.694 

4 High Ca | W. Va. Dolo. Ohio 2.383 

5 High Ca | W. Va. Mg Pa. 2.844 

6 Mg Ohio High Ca | Vt. 2.877 


ARTIFICIAL VITRIFYING AGENTS FOR CERAMIC BODIES. 


AN investigation is being conducted at the Columbus 
Branch of the bureau to determine the effect of artificial 
vitrifying agents in ceramic bodies. It is hoped by this 
investigation to lower the maturing temperature of a given 
body or to affect a greater vitrification and corresponding 
translucency at the same temperature. After a preliminary 
survey of the data available, the problem was attacked by 
choosing certain eutectic mixtures which deform below cone 5, 
1,229° C. (2,245° F.). These eutectics, prepared as fritted 
glasses, constitute the source of the artificial vitrifying agents 
employed in the bodies. 

The eutectics between the following materials were chosen: 
Feldspar-steatite; albite-calcite; sodium silicate-calcium sili- 
cate; albite-microcline; albite-magnesite; barium oxide-B.O,; 
calcium oxide-B:0;; barium silicate-sodium silicate; sodium 
silicate-magnesium silicate; microcline-albite-CaO. Al.O3.- 
Si02; K:0-SiO:; K,O-Al,03-S10.; NasO-Si0.; Na,O-Si0.- 
Al.O3; BaO-AlI,0;-Si0.; Na,0-B.03-Si10.2; K.,0O-B.,0;3-S10.; 
Na3AlF.-Al.Q3. 
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As a preliminary test, it was decided to make a cone 
deformation study which would also serve as a key to the 
degree of vitrification of the fritted bodies. Hence, the fritts 
were incorporated in a basic porcelain body composed of 16 
per cent. feldspar; 10 per cent. No. 4 Kentucky ball clay; 
35 per cent. English china clay; and 39 per cent. flint. Those 
fritts containing feldspar as one ingredient were added in 
amounts of I, 3, and 5 per cent., all others being added in 
amounts of 10, 25, and 40 per cent. 

These cones were fired in a down draft, gas-fired test kiln 
to cone 8. A brief summary of the first burn shows that 
complete deformation is obtained in 20 compositions con- 
taining 25 and 40 per cent. fritt, between the temperature of 
1,060° C. (1,940° F.) (cone 05-04) and 1,290° C. (2,335° F.) 
(cone 8). In ten other compositions containing Io per cent. 
fritt, complete vitrification was obtained, as evidenced by a 
much glassier texture and lower per cent. absorption than the 
standard body chosen. 

It is evident therefore that the amount of body flux used 
can be diminished below 10 per cent. and that vitrification 
can be obtained at a temperature lower than that normally 
required. The fluxes, and the minimum amounts necessary 
to produce these desired properties, will be determined along 
with the effect these vitrifying agents may have on the 
physical properties of the given body. 


CRAZING OF GLAZES CAUSED BY PERMANENT INCREASES IN SIZE 
OF CERAMIC BODIES. 


THE bureau, in coöperation with the National Terra Cotta 
Society, is investigating the causes and remedies for delayed 
crazing of glazes for ceramic products and has developed a 
proposed method for testing glazes for this type of crazing. 

In general there are two types of crazing which develop on 
glazed ceramic wares. One type is apparent upon removal of 
the ware from the kiln or it may develop a short time after 
removal. The cause of this type of crazing is well understood. 
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It develops when a glaze contracts more than the body in 
cooling from the temperature at which the glaze becomes 
rigid, down to room temperatures. Obviously this type of 
crazing may be prevented by selecting a glaze whose coefficient 
of expansion is the same as, or slightly less than, that of the 
body, so that the glaze contracts the same amount or slightly 
less than the body during cooling, 

The second type, called “delayed crazing,” may first 
develop a year or more after the ware has been fired, and 
heretofore its cause has not been well understood. It was 
thought at first that delayed crazing was the result of tension 
strains in the glaze which caused it to fail after a lapse of 
time, since these strains would produce fatigue of the glaze. 
However, upon investigation it was discovered that in many 
cases crazing developed on ware where the glazes were 
apparently free from strain or were in slight compression 
when the ware was removed from the kiln. 

This discovery led to the belief that the body had probably 
expanded under normal atmospheric conditions while the 
glaze and vitrifed portion beneath it remained constant, 
thus producing tensional strains in the glazed surface tending 
to cause crazing. Tests were, therefore, conducted to de- 
termine this point and the results to date indicate this to 
be the case. 

It was found that certain bodies expand as much as 0.1 
per cent. in length on storage while the glaze apparently 
remains constant and consequently cracking or crazing of the 
glaze develops. Bodies which do not develop this type of 
crazing do not show expansion on storage. 

This increase in size of ceramic bodies is evidently due to 
combined water taken up from the atmosphere and the 
amount of this water increases in proportion to the increase 
in volume of the bodies. 

Different methods for testing this type of crazing were 
investigated and the most promising one so far studied is the 
autoclave test. In this test it was found possible to produce 
in a few hours effects on the body and glaze similar to long 
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periods of storage. The specimens to be tested are placed in 
an autoclave, partly filled with water, and heat is applied so 
as to produce a steam pressure of 150-175 lbs./in.? for one 
hour. The specimens are then removed and inspected for 
crazing by applying a malachite green or similar solution 
to the glazed surface to intensify the appearance of the 
craze markings. If the gląze does not craze after the auto- 
clave treatment, it is probable that it will not craze in the 
future because of an increase in volume of the ceramic 
body. 

In general the more vitreous bodies are less apt to develop 
this type of crazing than the more porous ones. It was also 
found that bodies having low solubility in sulphuric acid do 
not develop crazing as much as those of higher solubility. 
In general, bodies having low ignition losses above 110° C. 
after three or more years’ storage develop less crazing than 
those having a high ignition loss. 

It was found possible to prevent this type of crazing from 
developing by adding fluxes such as feldspar to the body 
during the manufacturing process and firing the product in 
the kiln to a temperature where the body becomes thoroughly 
vitrified. 


MAKING THE GLASS FOR A TELESCOPE REFLECTOR. 


THE successful casting of a large disk of optical glass at 
the bureau was briefly described in the February number of 
the bulletin. Some additional details may be of interest. 

At first it was thought that this disk could be made by 
melting about 5,000 pounds of glass in one pot and cooling 
it in such a way that the pot would strip from the glass and 
leave the glass in one piece free from cracks. This procedure 
did not give satisfactory results. 

Arrangements were then made to transfer the hot glass 
from the pot to a mold which would be at the same time an 
annealing furnace. The glass was melted in a pot specially 
prepared for this purpose at the bureau, and on May 7, 1927, 
the molten glass was transferred to the mold. 


+ ie 
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The mold consisted of a cast iron base and lid each 85 
inches in diameter and 2 inches thick, separated by a ring 
81 inches in diameter, 2 inches thick, and 19 inches high. 
The bottom and sides of the mold were lined with a very 
friable brick. This assembly was placed on a compacted 
layer of powdered diatomaceous earth which served as a 
thermal insulator, and finally the entire assembly was covered 
with the same material 12 inches in thickness. Plates con- 
taining high electrical resistance wires were placed between 
the cast iron and the insulation in such a way that uniform 
temperature could be obtained, and the temperature of the 
furnace could be controlled by varying the amount of current 
flowing through the resistors. 

The maximum temperature noted in any part of the 
furnace immediately after casting the glass was 1,000° C. and, 
since there was no danger of the glass cracking at temperatures 
above 600° C., it was allowed to cool as rapidly as it would 
to this temperature which was reached in about eight days. 
Then by means of the electric heaters, this temperature was 
maintained for three days in order to obtain as uniform a 
temperature throughout the furnace as was possible. The 
glass was cooled slowly during two months from 600 to 
460° C., at which temperature the glass was annealed for six 
weeks. Approximately five months were then required to 
reduce the temperature to that of the furnace room and, 
although the initial cooling rate from annealing temperature 
was approximately 1° per day, it finally reached a maximum 
of 6° C. per day. 

The furnace was uncovered on January 21, 1928, and 
when the glass was examined it was found to be perfectly 
satisfactory for the purpose intended although it does contain 
some bubbles, striz, and some very small pieces of pot shell. 

The disk in its present condition is approximately 70 
inches in diameter, 11 inches thick, and weighs about 3,750 
pounds. When finished it will be 61 inches in diameter and 
10 inches thick. 
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DENTAL RESEARCH AT THE BUREAU OF STANDARDS. 


THE Bureau of Standards entered the dental research 
field in 1918 when a number of tests on dental amalgams were 
conducted at the request of the War Department. At that 
time, on account of the lack of sufficient funds, the bureau 
was not in a position to continue or extend the research to 
the other materials used in dental prosthesis although the 
necessity for such work was clearly indicated. 

On January 16, 1922, a codperative research on these 
materials was entered into with the Weinstein Research 
Laboratories, of New York City. This research has been 
carried on in accordance with the plan! authorized by 
Congress on April 12, 1892, and March 3, 1901. The specific 
problems included in this codperative program were announced 
to the profession in 1924.? 

Numerous progress reports * on the individual items of this 
program have been issued as the data were secured. From 
these it will be seen that the object of the research, namely, 
to establish the physical properties of certain dental materials 
included within the scope of this program and methods for 
testing materials designed for similar uses which may be 
developed in the future, has been accomplished and the 
results given to the profession and to all others interested. 
Dental schools and testing laboratories may now select 

1 Circular of the Bureau of Standards No. 296, ‘‘ Research Associates at 
the Bureau of Standards.” Available from the Superintendent of Documents, 
Government Printing Office, at 10 cents per copy. 

2 Journal of the American Dental Association, 11, pp. 249-250; March, 1924. 

3 “Wrought Materials. Methods of Testing, Values, Compositions,” Journal 


of the American Dental Association, 12, pp. 509-546; May, 1925. 

“Cast Materials. Methods of Testing, Values, Compositions,” Dental 
Cosmos, LXVIII, pp. 743-764; August, 1926. 

“Selection of Materials. Casting to Dimensions, Need for Testing,” Journal 
of the American Dental Association, 14, pp. 189-199; February, 1927. 

“Casting Materials. Physical Properties, Methods of Testing,” Demal 
Cosmos, LXIX, pp. 1007-1026; October, 1927. 

“Analysis of Dental Gold Alloys. Methods of Analysis,” Bureau of 
Standards Scientific Paper No. 532. Price, 10 cents. (To be reprinted in 
Journal of Dental Research, VII; December, 1927.) 

“Dental Gold Alloys. Tentative Specification and Test Methods,” Journal 
of the American Dental Association. (In press, to appear in 1928.) 
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materials appropriate for the definite types of restorations 
and be assured of a safe method for manipulating the materials 
selected. | 

The codperating laboratory has made it possible for the 
bureau to complete this work and, although the time required 
has been six years instead of two or three as anticipated in 
1922, the Weinstein laboratories have never hesitated to 
maintain a sufficient number of research associates at the 
bureau and to bear their part of the expenses necessarily 
incurred. A conservative estimate of these items places the 
cost of the research to the codperating laboratory at $50,000. 

Recently, when this research was being completed, the 
Weinstein laboratories expressed their willingness to prepare 
a new program to include additional items and problems of 
interest to the profession. In view of the most satisfactory 
relations during the last six years it is certain that this work 
could have been successfully arranged and carried out in this 
manner, and the bureau very much appreciated this offer. 

However, another proposition had also been received, from 
the American Dental Association through its research com- 
mission, and this was also being given consideration. This 
organization, commending the work already done, offered to 
share expenses in the carrying on of the new research program. 
Inasmuch as this offer was made by the organized profession 
and at the time when the original program was completed, 
it appeared that this offer of coöperation rather than the one 
from the Weinstein laboratories should be accepted. There- 
fore, the bureau has decided to proceed in this manner, and 
the new research program will be carried on hereafter in 
coöperation with the American Dental Association. It is felt 
that this enlargement of the scope of the investigation is 
necessary and proper and that the burden of financing this 
codperative program may appropriately rest upon the indi- 
viduals for whose benefit the work is being carried on. 

The bureau has, in fact, been in communication with the 
American Dental Association in regard to the matter of a 
codéperative research since September 27, 1921, but prior to 
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1928 the Association has not seen its way clear to coöperate, 
financially, in this work. 

The full coöperation of all parties interested in this new 
program is anticipated. Suggestions regarding the Associ- 
ation’s part in this work should be made through its research 
commission. Communications should be addressed to Dr. L. 
L. Barber, Toledo, Ohio, chairman of the special committee 
representing the American Dental Association in this research. 


TESTS OF PIEZO OSCILLATORS. 


TEsTS of radio devices by the Bureau of Standards are 
necessarily limited to special tests for the Government, tests 
of instruments which are in turn used as standards for testing 
considerable numbers of other instruments, tests of importance 
to the bureau as a matter of research, and a few other tests 
for which special reasons arise. 

The bureau has considered transmitting station frequency 
standards as in the latter class, because of the great importance 
of insuring that all stations be adjusted to the same frequency 
basis, and because no laboratories doing commercial testing 
for the public have had standards or experience such as to 
insure that their measurements would meet this requirement. 
The demand for the testing of station frequency standards has 
increased to the point where the bureau cannot meet the de- 
mand under its present appropriations and facilities. Pending 
the completion of testing at present on hand, the bureau 
must for the present put applications for test of station 
frequency standards on a waiting list. Such tests may be 
made subsequently as circumstances permit. The bureau 
may eventually discontinue the testing of station frequency 
standards entirely, but does not expect to do this until it is 
satisfied that commercial organizations can handle the work 
satisfactorily. In the meantime the bureau desires to assist 
such organizations to prepare to do such testing. 

The only kind of radio frequency standard at present 
commercially available which can be relied upon to an 
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accuracy better than 0.1 per cent. is the piezo oscillator. 
In the present state of development of this device, the bureau 
finds that the standardization of each one is a research job 
rather than a routine test. This has necessitated an increase 
in the fees charged; the new fees are given below. 

A quartz plate will not be tested unless it operates readily, 
is mounted in a suitable holder, and is accompanied by the 
piezo oscillator circuits in which it is used. 

Some quartz plates submitted are unsatisfactory for certifi- 
cation by reason of failure to operate, having one or more 
frequencies close to the desired frequency, or having a fre- 
quency outside the 1 per cent. limit set by the bureau. In 
case this is ascertained before the complete procedure of 
adjusting the plate is carried through, schedule 1632 applies; 
half of the regular fee is usually charged. In case the un- 
satisfactory condition does not appear until the adjustment 
procedure is completed, the entire fee will be charged. These 
fees will be charged independently of whether another plate 
is submitted later. 


Item. Description. Fee. 
163a Determination of one fundamental frequency of a piezo oscillator or 
resonator or quartz plate, at room temperature............... $15.00 


163b Determination of one fundamental frequency of a piezo oscillator or 

resonator or quartz plate, provided with a suitable thermostat, at 

a specified temperature above that of the laboratory.......... 25.00 
163c Adjustment at room temperature to specified frequency, of a quartz 

plate mounted in a holder provided with a simple mechanical 

adjustment for varying the frequency...................0008 20.00 
163d Adjustment at a specified temperature above that of the laboratory 

to specified frequency, of a quartz plate provided with a suitable 

thermostat and mounted in a holder provided with a simple 

mechanical adjustment for varying the frequency............. 40.00 
163e Adjustment at room temperature to specified frequency, of a quartz 

plate cut to approximate frequency (not more than I per cent. 

below the specified frequency)............. 00 cee ce cee eee 30.00 
163f Adjustment at a specified temperature above that of the laboratory 

to specified frequency, of a quartz plate provided with a suitable 

thermostat and cut to approximate frequency (not more than I 

per cent. below the specified frequency)...................055 75.00 
1632 For special tests not covered by the above schedule, fees will be 

charged dependent upon the nature of the test. 
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The Photochemical Union of Hydrogen and Chlorine. Lovis 
HARRIS. (Proc. Nat. Acad. Sciences, Jan., 1928.) Kornfeld and 
Mueller in 1925 published their result of obtaining a yield of 104 
molecules of HCI per light quantum. In the present investigation 
great care was exercised to avoid stopcock grease, mercury vapor 
and other gaseous contamination. ‘‘Chlorine was freed of oxygen, 
by washing a sample of fractionally distilled liquid chlorine, main- 
tained at — 78° C., with electrolytic, purified hydrogen, for a 
period of six weeks.” The quartz reaction vessel was illuminated 
with light of wave-length exceeding 4,050 A. The most sensitive 
mixture of hydrogen and chlorine yielded in a second under the 
action of the light 6.27 X 1038 molecules of HCl. Per light quantum 
this is a minimum production of 6 X 10° molecules of hydrogen 
chloride. G. F.S. 


Second Exposition of Industrial Heating in Paris. (Chaleur & 
Industrie, January, 1928.) The second Congrés du Chauffage 
Industriel, it is announced, will be held in Paris from June 23 to 
July 8, 1928. During this convention, an exposition of industrial 
heating will be held at the Parc des Expositions of the city of Paris. 
Exhibits will be displayed partly indoors and partly outdoors 
where apparatus in actual operation may be demonstrated. Ex- 
hibitors of any nationality are eligible to participate. 

The exhibits will include those types of apparatus which are 
employed in the preparation and elaboration of solid, liquid or 
gaseous fuels, to the efficient utilization of heat and its control, 
the utilization of steam and the technique of firing, all in their 
relation to their industrial applications. This exposition which 
embraces every branch of industrial heating will be much more 
important than the one held in 1923 in that it will include a complete 
representation of improvements which have taken place during 
five years in the materiel of thermic industry. 

All requests for information should be addressed to Commissaire 
Général, M. Charles Compére, Administrateur-Délégué-Directeur 
de l'Association Parisienne des Propriétaires d’Appareils à Vapeur, 
66, rue de Rome, Paris 8°. L. E. P. 


NOTES FROM LIGHTING RESEARCH LABORATORY, 
NATIONAL LAMP WORKS OF GENERAL 
ELECTRIC COMPANY.* 

VISUAL ACUITY UNDER THE MERCURY ARC AND TUNGSTEN 
FILAMENT LAMP. 


By M. Luckiesh and F. K. Moss. 


IT has been shown experimentally that, for low intensities 
of illumination, visual acuity is better for monochromatic 
light than for light of an extended spectral character. How- 
ever, when the quality of the light only approaches mono- 
chromatism, such as the light from the mercury arc, there are 
reasons for doubting that it may have appreciable advantage 
in increasing visual acuity over an illuminant possessing a 
continous spectrum. The restriction of the spectrum, in 
itself, aids in reducing chromatic error and may improve 
visual acuity. On the other hand, it has appeared that mono- 
chromatic light from the ends of the visible spectrum is less 
favorable to visual acuity than that from the mid-region. 
Hence, the presence of the blue and violet in the mercury arc 
should be unfavorable. Whether or not the mercury-arc light 
is better, on a basis of visual acuity, than light from a tungsten 
filament will depend on the magnitudes of these opposing 
factors, granting that either is of significant effect. 

Recently we investigated the matter directly by comparing 
these two illuminants, under identical conditions, as to their 
effect on visual acuity or sharpness of vision. Visual acuity is 
expressed in terms of visual angle or the angle in minutes 
subtended at the eye by the smallest perceptible object. A 
visual angle of one minute is represented by an object 0.0041 
inch in size at a distance of 14 inches from the eyes. Visual 
acuity is greater as the visual angle of the object is less and 
vice versa. 

We have summarized 6,000 observations made by ten 
adult persons under three intensities of illumination. Each 

* Communicated by the Director. 
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person made observations on five different days. The 
measurements of foot-candles were made according to best 
practice in color-photometry. The average least visual angle 
perceptible is presented in minutes for the various conditions. 


. 5 foot- 25 foot- 125 foot- 

IMuminant. candles. candles. candles. 
Merctiry Are. o cearr e enuen teeta 0.753 0.700 0.687 
Tungsten-Filament Lamp........ 0.750 0.717 0.695 


It will be noted that there is a progressive improvement in 
visual acuity for both illuminants as the intensity of illumi- 
nation is increased. This is in agreement with our more 
extensive investigations and in this case, established the vital 
fact that our method was capable of measuring small differ- 
ences in visual acuity. However, with other conditions equal, 
the differences in visual acuity obtained under the two 
illuminants are negligible. 


WHITE LIGHT VERSUS NORTH SKYLIGHT FOR 
COLOR-DISCRIMINATION. 


By M. Luckiesh, 
Director of Laboratory. 


In the development of artificial lighting a propitious stage 
has been reached for exploding the tradition that north 
skylight is the best quality of light for the discrimination of 
color. In the past, when artificial light was entirely unsuited 
for color-discrimination, those interested in color chose north 
skylight because it was more nearly constant in quantity and 
quality than light from any other region of the sky. Hence 
it has become traditional to consider it the standard of 
daylight. Unfortunately, this so-called standard is quite 
variable in intensity and spectral character from hour to hour 
and from day to day. 

The illuminant most suitable for color-work is one which 
does not favor any particular color. White light is the only 
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illuminant satisfactory in this respect. Spectrally, it is 
practically identical with noon sunlight on a clear day when 
the sun is at a high altitude. In white light the radiant 
energy is nearly equal in amount for all wavelengths through- 
out the visible spectrum. Since north skylight from a clear 
sky is quite bluish, it makes the purples (pink, lavender, 
magenta, etc.) appear more bluish than they would appear in 
white light. Because of its deficiency in yellow, orange, and 
red, north skylight suppresses these colors in objects illumi- 
nated by it. 

The first satisfactory artificial-daylight glass for use with 
tungsten lamps was developed about fifteen years ago. Two 
qualities of daylight were reproduced—north skylight and 
noon sunlight. Those who developed artificial daylight found 
it necessary to supply a quality of light simulating north 
skylight because of the firmly intrenched habit of using north 
skylight for color-work. Here is one of the many cases where 
what people want and what is best are two different things. 
Inasmuch as color-discrimination does not involve taste, it 
seems that science rather than habit should dictate what the 
illuminant should be for general color-work. 

To produce artificial north skylight with tungsten lamps 
it 1s necessary to absorb about 85 per cent. of the light. 
However, to produce white light corresponding to noon 
sunlight on a clear day in summer, an absorption of only 60 
per cent. 1s necessary. In other words, white light—the only 
illuminant which is scientifically sound for color-discrimination 
—can be produced with tungsten lamps at nearly three times 
the efficiency of artificial north skylight. 


REFLECTION-FACTORS OF PORCELAIN ENAMEL AND 
VARIOUS METALS. 


By A. H. Taylor. 
DURING the past five years we have made measurements 


of the diffuse reflection-factors of many metals and enamels. 
The measurements were made by use of a Taylor absolute 
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reflectometer,! which measures the light diffusely and specu- 
larly reflected when the light is incident on the specimen at an 
angle of approximately 30° to the normal. The results of 
these measurements show that the reflection-factor of some 
metals is very appreciably influenced by the method of 
preparation, and probably in part by their purity. The 
largest number of specimens measured have been aluminum, 
and they show large differences between different specimens. 
The table below summarizes the results of some of our tests on 
certain surfaces of interest. 


DIFFUSE REFLECTION-F ACTORS. 


Reflection-Factor. 


Material. No. of Specimens 


Measured: Range. Average. 
Porcelain enameled metal.......... 3 72 to 77% 7460 
Aluminum sheets. ................ 60 55 to 84 68 
Cadmium-plated metal. ........... 5 50 to 74 64 
Chromium-plated metal. .......... 3 63 to 66 64 
Monel metal..................... I 49 
Nickel-plated metal............... 4 61 to 65 63.5 
t" Nickeloid”... site wc e eee ones 7 59 to 78 71 
Silver-plated metal... ............ 2 go to 9I 90.5 


All these surfaces were polished or otherwise prepared, by 
those submitting them, with the object of utilizing them for 
light-reflecting devices. 


1 B.S. Scientific Paper No. 405. Trans. I. E. S., 15, p. 811, 1920. 


NOTES FROM THE RESEARCH LABORATORY, 
EASTMAN KODAK COMPANY.* 


A TRIAL AND ERROR METHOD OF PREPARING A MOTION PICTURE 
SENSITOMETER TABLET.: 


By C. E. Ives and J. I. Crabtree. 


A SENSITOMETER is an instrument for determining the 
correct exposure when printing a positive film from negatives. 
With one type of this instrument a series of increasing ex- 
posures are impressed upon the negative through a sensi- 
tometer tablet, which consists of a series of areas of the same 
size aS a motion picture frame and of such densities that the 
light transmitted by them is proportional to the intensity of 
the various light change steps on the printer. Previously, it 
has been possible to prepare such a sensitometer tablet only 
with the aid of precision instruments. 

To construct a tablet by trial and error methods the 
printer is first checked for uniformity by examining about 
two feet of motion picture positive film “flashed” by running 
it through the printer without a negative and then developing 
to an average degree. 

From a stock of flashed strips of varying density the 
tablet steps are chosen by matching with a set of test strips 
exposed on the printer at all the printer light change steps 
and developed under controlled conditions. The difference 
in density between the test strips for any two light change 
steps will be equal, approximately, to the density difference 
between corresponding tablet densities. If the first and last 
tablet are chosen in this way, a tentative tablet can be 
assembled by selecting, for the intermediate steps, samples of 
flm, each of which increases in density from the next by a 
uniform density difference. 

* Communicated by the Director. 


1Communication No. 324 from the Kodak Research Laboratories and 
published in Trans. Soc. Mot. Pict. Eng. 11: No. 32, 740. 1927. 


VoL. 205, No. 1228—39 569 


570 EASTMAN Kopak Company NOTES. [J. F. I. 


Each of these tentative tablet steps is compared with the 
corresponding printer step by making a print from a good 
negative on the printer and sensitometer and developing 
them together. If the two prints do not match exactly, a 
slightly greater or less dense sample of film is substituted in 
the tablet. This process is repeated until agreement is 
reached. 

The sensitometer lamp is tested from time to time by 
comparison of prints made from the same negative on, the 
printer and sensitometer. 


OIL SPOTS ON MOTION PICTURE FILM.: 
By G. E. Matthews and J. I. Crabtree. 


THE presence of oil on motion picture film previous to 
development or during drying produces markings on the 
processed film having the general shape of the globules or 
smears of oil. The appearance of the markings produced is 
independent of the nature of the emulsion or the kind of oil 
commonly used on cameras, printers, or processing machines. 
The spots are more pronounced if film is exposed after it is 
coated with oil because each oil spot acts as a negative. The 
manipulative treatment which the film receives and the time 
elapsing after access of the oil and previous to processing 
greatly influences the appearance of the markings. 

In the case of unexposed film certain types of oil produce 
a fogging effect and cause dark markings if left on the film 
several weeks but with exposed film the oil acts as a resist 
during development and produces a spot or patch of lighter 
density than the surrounding area. Also, since a greasy 
emulsion surface has a high propensity to accumulate airbells 
on immersion in a developer, many oil spots have circular 
white centers caused by the protective action of such air- 
bells. By gently brushing the surface of the film during the 
initial stages of development, the airbells may be dislodged 


2Communication No. 325 from the Kodak Research Laboratories and 
published in Trans. Soc. Mot. Pict. Eng. 11: No. 32, 728. 1927. 
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but this is possible only when film is developed on a continuous 
processing machine. A classification of various markings is 
given. 

The most satisfactory method of eliminating oil from the 
surface of motion picture film and therefore of preventing 
the formation of oil spots is to immerse the film in a 
bath of benzene or carbon tetrachloride, squeegee, and dry 
thoroughly previous to development. Suggestions are in- 
cluded on methods of lubrication of machinery for handling 
motion picture films. 


BEHAVIOR OF GELATIN IN THE PROCESSING OF 
MOTION PICTURE FILM. 


By S. E. Sheppard. 


To retain its photographic record, motion picture film 
must be a material of certain mechanical stability. Its 
mechanical behavior is largely determined by its composition 
as a union of higher water-absorbing gelatin with a slightly 
water-absorbing cellulosic colloid. The swelling and shrinkage 
of gelatin, though they be of secondary importance for the 
behavior of film in the theater, are of the first moment for its 
treatment in the laboratory, since they affect the durability 
of the film and even the character of the image. The swelling 
and shrinkage of gelatin may be considered from two view- 
points. There is the total expansion and the partial expansion 
in a given direction, involving temporary or permanent de- 
formation. While the former has interested chemists, the 
latter is of equal or greater importance for photographers. 
In solutions of varying acidity or alkalinity gelatin shows a 
point of minimum swelling, termed the isoelectric point. On 
one side of this point swelling increases with. alkalinity, on 
the other with increasing acidity, but in either acid or alkaline 
solutions swelling is repressed by most neutral salts. Ad- 
vantage is taken of this in preparing solutions for processing 
under tropical conditions. 


è Communication No. 326 from the Kodak Research Laboratories and 
published in Trans. Soc. Mot. Pict. Eng. 11: No. 32, 707. 1927. 
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The swelling of gelatin, however, is not solely determined 
by its environment; it has, also, a heredity. Gelatin dried 
from dilute jellies will swell again in water much further than 
gelatin dried from concentrated jellies. Gelatin like other 
colloids has a rudimentary memory. Below a certain temper- 
ature gelatin swells in water up to a limit, but at higher 
temperatures it will swell without limit, finally breaking up. 
Limited swelling means that the elastic limit has not been 
passed, and the gelatin not permanently deformed. Although 
gelatin in motion picture film, by reason of its adhesion to the 
support, can swell only perpendicularly to the support, it 
has a tendency to swell sideways also, and when the total 
swelling becomes excessive or unlimited, this lateral swelling 
force promotes frilling and floating off of the gelatin. In 
passing other processing baths the gelatin is alternately 
swollen and shrunk, quantitative measurements on which are 
given in the paper, which stress the necessity for uniform 
conditions and procedure in processing. The drying of 
gelatin, process inversed to swelling, also strains the material; 
measurements are given in the paper showing the difference in 
contractile tendency in gelatin, the factor producing curling, 
warping, and stripping. 

It is concluded that all conditions producing excessive 
swelling should be avoided, as by adjusting the developer to 
limit the swelling, by avoiding excessive alkali and acid in 
processing baths, by uniform temperature of processing baths 
and wash waters, when possible by keeping the temperature 
down below a certain limit, and by avoiding excessive 
washing. 


NOTES FROM JU. S. BUREAU OF MINES.* 


INVESTIGATION OF RAILWAY TUNNEL ATMOSPHERES. 


AN investigation of atmospheres in certain railroad tunnels, 
recently conducted by the United States Bureau of Mines, 
Department of Commerce, disclosed that high temperature 
and humidity conditions were responsible for some discomfort 
to enginemen, but that the percentages of carbon monoxide 
and other harmful gases were not dangerous so long as trains 
are kept moving through the tunnels. 

At the request of the railway company, a number of tests 
were made to determine the temperature, humidity, and 
composition of the atmosphere in various tunnels. Tests 
were made of two types of locomotives, classified by the 
railroad company as the H-6 and H-7. Both are of the 
Mallet type, but the H-6 class has one pair of cylinders 
operating at boiler pressure and the other pair compound, 
whereas the H-7 operates all four cylinders at boiler pressure, 
thereby exhausting steam at a higher temperature than the 
H-6. It was desired to determine the relation between 
conditions on the H-6 and H-7 engines under comparable 
conditions of operation. Three incidental tests of passenger 
engines were also made. 

Temperature measurements were taken in the tunnels 
with a wet and dry bulb thermometer of the sling type, and 
samples of the atmosphere were obtained for determination of 
the carbon monoxide, sulphur dioxide, carbon dioxide, and 
oxygen. These temperature measurements and gas samples 
were taken in the engine cab near the engineman or fireman. 
Several qualitative tests for hydrogen sulphide were made, but 
all were negative. On several occasions, blood samples were 
taken from one of the members of the test crew as soon as 


* Published by permission of Director, United States Bureau of Mines. Not 
subject to copyright. 
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possible after emerging from the tunnels. None of these 
samples showed any significant degree of saturation with 
carbon monoxide. 

Of all the tests only two showed any appreciable amount 
of carbon monoxide, and this in amounts that would have no 
dangerous effects unless exposure was for 45 minutes or 
longer, state Dr. R. R. Sayers, L. B. Berger, and W. P. Yant, 
in the report of the investigation, published as Bureau of 
Mines Serial 2858. There was no health hazard from sulphur 
dioxide, carbon dioxide, or depletion of oxygen content of the 
atmosphere for the time of exposure in these tests. There 
would be danger from the gases found only if a train was 
stopped while in a tunnel. 

The chief cause of discomfort was the high temperature 
and humidity. In one test the temperature was high enough 
to cause a surface burn. A similar test, with the engine 
worked under a lighter throttle, gave conditions that caused no 
marked discomfort, showing the relation that train manipu- 
lation bears to the conditions in the tunnels. 

The conditions of temperature and humidity as found on 
these tests were somewhat more severe on the H-7 engines 
than on the H-6 type, but only in two cases did conditions 
approach a degree of severity that might be termed unbearable. 

Although many of the effective temperatures recorded 
were above those that would be practicable for long exposure, 
men are able to work for short periods—1o to 15 minutes— 
without marked inconvenience. An exposure of one hour to 
98° with 100 per cent. relative humidity causes the pulse-rate 
to be greatly increased, as well as causing a marked increase in 
body temperature and body metabolism, even when the 
individual remains at rest. 

The maximum endurance found at 105° saturated air is 
approximately 45 minutes and at 117° the limit of endurance 
is 15 minutes; 135° effective temperature could not be borne 
for any length of time by a man with the skin directly exposed. 
Thick clothing will protect or, in other words, will insulate 
the body from such temperatures. Work has been performed 
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at 135° effective temperature by using special suits of thick 
felt. Under these circumstances work has been performed 
for 15 to 20 minutes. It is noted that because of this clothing 
insulation the unclothed body is not actually exposed to the 
temperatures. 


MAKING CAST IRON IN THE ELECTRIC FURNACE. 


ALTHOUGH the cupola is the cheapest melting device for 
the production of molten iron under normal market conditions 
for pig iron, coke and clean cast-iron scrap, there are con- 
ditions under which expense of melting is not the major factor, 
so that .certain other advantages possessed by the electric 
furnace sometimes make it more desirable. A comprehensive 
investigation of the making of electric-furnace cast-iron has 
been completed by the Bureau of Mines at its Northwest 
Experiment Station, Seattle, Washington, in coöperation with 
the College of Mines, of the University of Washington. The 
investigation involved a year’s successful operation of a 
jobbing foundry making miscellaneous gray-iron castings from 
steel scrap. 

Under the special conditions that make the electric furnace 
advantageous, this type of furnace need not necessarily 
displace the cupola but can be used in conjunction with it. 
The ability of the electric furnace, and not of the cupola, to 
refine and to superheat iron and the superiority in many ways 
of electric-furnace iron to cupola iron make the electric furnace 
advantageous under special conditions. In addition, the 
possibility of producing electric-furnace cast iron from cheap 
grades of ferrous scrap has brought the electric furnace into 
prominence. 

Electric-furnace cast iron is stronger, tougher, and more 
dense than cupola iron, and a higher recovery of metal in 
casting can be obtained as a result of the higher pouring 
temperature, state C. E. Williams and C. E. Sims, in Technical 
Paper 418, just issued. Cast-iron scrap of high-sulphur 
content can be converted into high-grade cast iron, low in 
sulphur, either by melting directly in the electric furnace or by 


576 U. S. Bureau oF Mixes NOTES. [J. F. I. 


refining molten metal from the cupola. Large additions of 
steel scrap may be used if desirable, or steel scrap can be used 
entirely and synthetic cast iron made. Some of the advan- 
tages of the production of synthetic cast iron are outlined 
below. 

One electric furnace can be used to produce both iron and 
steel and can thereby be kept in operation during periods when 
it might otherwise be idle. By operating an electric furnace 
continuously labor is kept usefully employed, the heat of the 
furnace is conserved, life of the refractories is extended, 
overhead charges are reduced, and a high load factor on the 
power lines is maintained. Therefore, even under conditions 
where production of synthetic iron would not of itself be 
economical, it might be profitable in conjunction with the 
making of steel, because of the possibility of reducing the 
cost of producing steel. 

A large variety of steel and iron scrap can be used to make 
the same product, and many different products can be made 
from the same materials. As a rule, scrap is purchased locally, 
and the foundryman can buy and use what is at hand without 
shopping around for special materials. The production of 
synthetic iron in a steel foundry simplifies the purchase of 
steel melting scrap. For instance, the making of acid steel 
requires selected scrap, for which a higher price must be paid 
than for general scrap; but if, in addition to steel, synthetic 
iron is made, miscellaneous steel scrap may be purchased at a 
minimum price and the foundryman can do his own sorting, 
using the best scrap for acid steel. 

Synthetic iron may be tested and adjusted for composition 
and temperature before it is poured, thus assuring castings 
of the desired composition. Moreover, if the pouring crew is 
not ready, the metal can be kept hot as long as necessary, 
whereas metal must be taken from the cupola when enough 
has been melted to pour. 

In the electric furnace a superior iron, having about twice 
the strength of ordinary cupola iron, can be made. Trans- 
verse strengths of 5,000 to 6,000 pounds on standard bars of 
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synthetic gray iron have been repeatedly obtained, and 
tensile strengths above 40,000 pounds per square inch are 
common. One of the outstanding characteristics of electric- 
furnace gray-iron is its resistance to impact of shock. These 
advantages in strength and toughness are due largely to the 
physical structure of the iron, which is fine-grained and dense. 
The graphite exists in such small flakes that a piece of 
synthetic iron of the same graphitic carbon content as a piece 
of cupola iron will appear to contain less graphite. Although 
it looks whiter and harder than cupola iron, synthetic iron is 
soft and easily machined. A coarse-grained synthetic iron 
can be obtained only when the carbon and the silicon contents 
are exceptionally high. Ordinary synthetic iron is at least 
equivalent in strength to the so-called high-test irons and 
semisteels of the cupola. 

Virtually any kind of ferrous scrap can be used in the 
electric furnace, thus providing a means for industrial plants 
to utilize the scrap they produce instead of shipping it away at 
an economic loss. Besides steel scrap, which may be car- 
burized to gray iron, gray-iron borings and light scrap may be 
used profitably. 

The production of synthetic cast iron in the electric furnace 
is advantageous in such places as large nonferrous smelters 
and mills, where pig iron is expensive and ferrous scrap is 
usually available. Many ore-concentration plants consume 
a large tonnage of steel and iron balls and ball-mill liners for 
fine grinding, and satisfactory white cast iron for these 
purposes could be made economically at the plant. 

A tough and hard white iron, such as may be produced in 
the electric furnace from steel scrap, will find useful application 
where resistance to shock and abrasion are required. 


SEPARATION OF PHOSPHORUS, MANGANESE, AND IRON IN HIGH- 
PHOSPHORUS SPIEGEL. 


MarTERIAL suitable for the production of ferromanganese 
(80 per cent. Mn), according to present specifications, must 
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refining molten metal from the cupola. Large additions of 
steel scrap may be used if desirable, or steel scrap can be used 
entirely and synthetic cast iron made. Some of the advan- 
tages of the production of synthetic cast iron are outlined 
below. 

One electric furnace can be used to produce both iron and 
steel and can thereby be kept in operation during periods when 
it might otherwise be idle. By operating an electric furnace 
continuously labor is kept usefully employed, the heat of the 
furnace is conserved, life of the refractories is extended, 
overhead charges are reduced, and a high load factor on the 
power lines is maintained. Therefore, even under conditions 
where production of synthetic iron would not of itself be 
economical, it might be profitable in conjunction with the 
making of steel, because of the possibility of reducing the 
cost of producing steel. 

A large variety of steel and iron scrap can be used to make 
the same product, and many different products can be made 
from the same materials. As a rule, scrap is purchased locally, 
and the foundryman can buy and use what is at hand without 
shopping around for special materials. The production of 
synthetic iron in a steel foundry simplifies the purchase of 
steel melting scrap. For instance, the making of acid steel 
requires selected scrap, for which a higher price must be paid 
than for general scrap; but if, in addition to steel, synthetic 
iron is made, miscellaneous steel scrap may be purchased at a 
minimum price and the foundryman can do his own sorting, 
using the best scrap for acid steel. 

Synthetic iron may be tested and adjusted for composition 
and temperature before it is poured, thus assuring castings 
of the desired composition. Moreover, if the pouring crew is 
not ready, the metal can be kept hot as long as necessary, 
whereas metal must be taken from the cupola when enough 
has been melted to pour. 

In the electric furnace a superior iron, having about twice 
the strength of ordinary cupola iron, can be made. Trans- 
verse strengths of 5,000 to 6,000 pounds on standard bars of 
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synthetic gray iron have been repeatedly obtained, and 
tensile strengths above 40,000 pounds per square inch are 
common. One of the outstanding characteristics of electric- 
furnace gray-iron is its resistance to impact of shock. These 
advantages in strength and toughness are due largely to the 
physical structure of the iron, which is fine-grained and dense. 
The graphite exists in such small flakes that a piece of 
synthetic iron of the same graphitic carbon content as a piece 
of cupola iron will appear to contain less graphite. Although 
it looks whiter and harder than cupola iron, synthetic iron is 
soft and easily machined. A coarse-grained synthetic iron 
can be obtained only when the carbon and the silicon contents 
are exceptionally high. Ordinary synthetic iron is at least 
equivalent in strength to the so-called high-test irons and 
semisteels of the cupola. 

Virtually any kind of ferrous scrap can be used in the 
electric furnace, thus providing a means for industrial plants 
to utilize the scrap they produce instead of shipping it away at 
an economic loss. Besides steel scrap, which may be car- 
burized to gray tron, gray-iron borings and light scrap may be 
used profitably. 

The production of synthetic cast iron in the electric furnace 
is advantageous in such places as large nonferrous smelters 
and mills, where pig iron is expensive and ferrous scrap is 
usually available. Many ore-concentration plants consume 
a large tonnage of steel and iron balls and ball-mill liners for 
fine grinding, and satisfactory white cast iron for these 
purposes could be made economically at the plant. 

A tough and hard white iron, such as may be produced in 
the electric furnace from steel scrap, will find useful application 
where resistance to shock and abrasion are required. 


SEPARATION OF PHOSPHORUS, MANGANESE, AND IRON IN HIGH- 
PHOSPHORUS SPIEGEL. 


MATERIAL suitable for the production of ferromanganese 
(80 per cent. Mn), according to present specifications, must 
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not contain more than 0.2 per cent. phosphorus. Although 
material containing more than 10 per cent. SiO, can be used, it 
requires more fuel and causes greater slag losses. Iron and 
manganese must be present in proper proportions. 

Further tests have been made by the Bureau of Mines to 
determine whether high-phosphorus spiegel, made from 
manganiferous iron ore, can be treated in an open-hearth 
furnace so as to produce a slag which will meet the require- 
ments of ferro grade ore. Additional tests have confirmed 
results previously obtained which indicated that oxidation of 
manganese will proceed if a slag contains between 25 and 35 
per cent. FeO, even though it is not fluid throughout. 


Ba a a N o, p en 


THE FRANKLIN INSTITUTE. 


(Proceedings of a Special Meeting Held Thursday, March 15, 1928.) 


A SPECIAL meeting of the Institute was called at eight-fifteen p.m. on 
Thursday, March fifteenth, upon the direction of Henry Howson, Esq., senior 
Vice-President, to consider and act upon the proposal of the Board of Managers 
to purchase the property 135 North Nineteenth Street, Philadelphia, in order to 
complete the plot for the proposed new buildings of the Institute. 

The Vice-President outlined the negotiations, and stated that the purchase 
of the property was recommended by the Board of Managers. 

It was then resolved, unanimously, that the Institute approve the purchase 
of the property 135 North Nineteenth Street, for the completion of the plot for 
the projected new buildings of the Institute, at a price of fifty thousand dollars. 

There was no further business and the special meeting was thereupon ad- 
journed. 

HowarRD MCCLENAHAN, 
Secretary. 


(Proceedings of the Stated Meeting Held Wednesday, March 21, 1928.) 

THE regular monthly meeting of the Institute was called to order at eight- 
fifteen p.m. by the Vice-President, Mr. C. C. Tutwiler. 

The Secretary announced that the minutes of the monthly meeting held in 
February had been printed in full in the March number of the Journal and 
that, unless objection were offered, the minutes would be regarded approved as 
printed. No objection was heard. 

The Secretary made a statement concerning the result of the special meeting 
held on March fifteenth, to consider the purchase of the property at 135 North 
Nineteenth Street. He stated that this proposed purchase was unanimously 


° approved. 


The Secretary made a statement concerning the meetings of the Institute 
scheduled for the balance of this year and referred especially to the celebration 
of the fiftieth anniversary of the world’s first tests of a dynamo, which celebration 
will be held in the Hall of the Institute on April eighteenth, in the room where the 
original tests were made. He made a brief statement also concerning the plans 
for the Medal Day meeting to be held on May sixteenth. 

The Chairman introduced, as the speaker of the evening, Dr. C. J. Davisson, 
of the Bell Laboratories, Inc., of New York, who read an important and stimu- 
lating paper on the subject, ‘‘Are Electrons Waves?” The paper was followed 
by an unusually active discussion, after which the meeting adjourned at nine- 
forty-two p.m. 

HOWARD MCCLENABAN, 
Secretary. 


579 


580 COMMITTEE ON SCIENCE AND THE ARTS. [J. F. 1. 


COMMITTEE ON SCIENCE AND THE ARTS. 
(Abstract of Proceedings of Stated Meeting held Wednesday, March 7, 1928.) 


HALL OF THE COMMITTEE, 
PHILADELPHIA, March 7, 1928. 


Doctor GEORGE S. CRAMPTON in the Chair. 


The following reports were presented for final action: 


No. 2878: Work of Henry Ford. 

This report recommended that the Elliott Cresson Medal be awarded to 
Mr. Henry Ford, ‘‘In consideration of his rare inventive ability and power of 
organization, by means of which he was able to effect high speed production of 
automobiles, revolutionizing the industry; and his outstanding executive powers 
and industrial leadership.” 

No. 2880: Work of Mr. Arthur Graham Glasgow in the Gas Industry. 

This report recommended the award of the Walton Clark Medal to Mr. 
Arthur Graham Glasgow, of London, England, “In consideration of his outstand- 
ing and valuable work in the technology and development of the manufactured 
gas industry.”’ 

No. 2888: Composition of Super-Resistant Glasses. 

These glasses, known under the name of Pyrex Glassware, were developed at 
the Corning Glass Works, Corning, New York. 

This glassware is the result of an extended experimental research which pro- 
duced a glass having high resistance to chemical attack, to heat and mechanical 
shock; low specific gravity with high electrical resistance and high transmission 
of the visible spectrum as well as of heat rays and ultraviolet radiation. 

While the melting point is high, this glassware becomes sufficiently plastic at a 
slightly lower temperature to be pressed or blown into any desired shape. 

It is in extensive use for laboratory glassware, baking utensils, electrical 
insulators for various radio and transmission uses and an increasing variety of 
other applications. 

The award of the Howard N. Potts Medal was recommended to the inventors, 
Doctor E. C. Sullivan and Mr. W. C. Taylor, of Corning, New York. 

No. 2891: Literature. 

This report recommended the award of the Louis Edward Levy Medal to 
Mr. Vannevar Bush, for his two papers entitled ‘‘A Continuous Integraph” 
appearing in the January, 1927, issue of the Journal of The Franklin Institute and 
“Integraph Solution of Differential Equations” appearing in the November, 1927, 
issue of the Journal, with mention of his three collaborators, Messrs. H. L. Hazen, 
F. D. Gage and H. R. Stewart. 

The following report was presented for first reading: 

No. 2890: Wright Whirlwind Engine. 

Prior to the development of the Wright Whirlwind Engine the water-cooled 
engine was used for airplanes. In 1916 Mr. Charles L. Lawrance began the 
development of air-cooled engines of small horsepower and from this beginning the 
present series of Wright Whirlwind Engines has been developed. 

These are radial engines, having nine cylinders and developing 200 horse- 
power at 1,800 r.p.m. 
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They are extensively used in many types of airplanes and both their design 
and construction have combined to give them great endurance. 

These engines have become generally known through notable flights that 
have been made recently. Of these the flight of Commander Byrd and his pilot 
Floyd Bennett from Spitzbergen to the North Pole and return, the solo flight of 
Colonel Charles A. Lindbergh to France and his later trip to the principal cities 
of the United States, then to Mexico and the Southern Republics and many others 
may be mentioned. 

In this report the award of the Elliott Cresson Medal was recommended to 
Mr. Charles L. Lawrance, of Long Island, New York, ‘‘In consideration of his 
pioneer work in the development of the air-cooled airplane engine, of his skill in 
bringing this engine to a high degree of perfection and of his ability in carrying 
out its manufacture.”’ 

On motion, duly seconded, the Committee passed to the second reading of 
this report. 

The following minute on the death of Doctor William C. L. Eglin was 
adopted: 

“In the death of Doctor Eglin, the Committee on Science and the Arts of 
The Franklin Institute has lost a faithful member and one who has for many years 
rendered most valuable service. Doctor Eglin became a member of The Franklin 
Institute, May 21, 1891, was elected a member of the Committee on Science and 
the Arts on February 2, 1898, and remained a member until his death on February 
7, 1928. During his connection with the Committee he rendered service not only 
as a member but as chairman of numerous sub-committees, his work always being 
distinguished by clear thinking and thoroughness. 

‘* Be it resolved, That on the death of our fellow member, Doctor William C. 
L. Eglin, the Committee desires to record its acknowledgment of the valued 
services rendered by him as a member of the Committee on Science and the Arts. 
This Committee also desires to express its grateful appreciation of the sympathetic 
and cordial relationship that existed between him as President of The Franklin 
Institute and the Committee and its work. 

“ Be it also resolved, That the sympathy of the Committee be extended to his 
family in its bereavement. 

‘* And be it further resolved, That a copy of these resolutions be sent to his 
family and be spread upon the minutes of the Committee.” 

Geo. A. HOADLEY, 
Secretary to Committee. 


MEMBERSHIP NOTES. 
ELECTIONS TO MEMBERSHIP. 
(Stated Meeting, Board of Managers, March 14, 1928.) 


RESIDENT MEMBERSHIP. 


Mr. WILBUR G. DUNNING, Instructor in Chemistry, Temple University, Phila- 
delphia, Pa. For mailing: Westtown, Pa. 

Mr. Henry G. Hart, Newspaper reporter, 917 Chestnut Street, Philadelphia, Pa. 
For mailing: 615 Shady Lane, Narberth, Pa. 
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Mr. Huc ERNEst HARTING, Instructor in Chemistry, Temple University High 
School, Philadelphia, Pa. For mailing: 6439 Clearview Street, Germantown, 
Philadelphia, Pa. 

Mr. AntHony A. Hausser, Manufacturer of medical instruments, 1326 North 
Nineteenth Street. For mailing: 117 West Luray Street, Philadelphia, Pa. 

Mr. ARTHUR V. Morton, Vice-President, Pennsylvania Company Insurance on 
Lives and Granting Annuities. Southeast corner Fifteenth and Chestnut 
Streets, Philadelphia, Pa. 


NON-RESIDENT MEMBERSHIP. 


Mr. WILLIAM ALDRICH, Traveling Engineer, South San Francisco, California. 
For mailing: 720 Pepper Avenue, Burlingame, California. 

Mr. Dona_Lp Lewis KELLOGG, Engineer in Development Work, Western Electric 
Company, Kearney, New Jersey. For mailing: 20 Pine Street, Cranford, 
N.J. 

Mr. Rupo_PH F. MALLiNnA, Head of Apparatus Development Division, Victor 
Talking Machine Company, Camden, New Jersey. For mailing: 178 States 
Avenue, Atlantic City, N. J. 

Dr. ROBERT E. Rose, Chemist, Director, Technical Laboratory, Dyestuffs 
Division, E. I. duPont de Nemours and Company, Wilmington, Delaware. 
For mailing: P. O. Box 518 Wilmington, Delaware. 


STUDENT MEMBERSHIP. 


Mr. Ear P. CARTER, Laboratory assistant, Victor Talking Machine Company, 
Camden, New Jersey. For mailing: 112 Cedar Avenue, Pitman, New 
Jersey. 

Mr. Rospert Hutton Kay, JR., Student, Motor Journalism, Temple University, 
Philadelphia, Pa. For mailing: 2346 North Park Avenue Philadelphia, Pa. 

Mr. CHARLES WILLIAM Moore, Student, 46 North Sixty-second Street, Phila- 
delphia, Pa. 

CHANGES OF ADDRESS. 

PROFESSOR LEE DAVIDHEISER, In care of Wagner College, Staten Island, New 
York. 

Mr. JOHN FERGUSON, 3702 Fall Creek Boulevard, Indianapolis, Indiana. 

Mr. GEorGE R. HALL, Room 2205-225 Broadway, New York City. 

Mr. Epwin W. HAMMER, 80 John Street, New York City. 

Mr. ANDREW A. KUCHER, 2206 Valentine Avenue, New York City. 

Mr. NEWTON LAMB, 305 West Larkin Street, Midland, Michigan. 

Mr. J. W. Moorenouse, JR., Office of Chief Engineer, Reading Terminal, 
Philadelphia, Pa. 

Dr. Jacos NEvyAs, 5822 Chestnut Street, Philadelphia, Pa. 

Mr. CHARLES H. Norpuaus, 2216 North Melvina Avenue, Chicago, Illinois. 

Mr. RopoLPHo ORTENBLAD, Civil and Electric Engineer, The Rio de Janeiro 
Tramway, Light and Powe: Company, Ltd., Rio de Janeiro, Brazil. 

KENNETH M. RitcHlE, Esg., Armstrong Cork Company, Research Division, 
Lancaster, Pa. 

Dr. Jessie A. RODMAN, 4933 Rubicam Street, Germantown, Philadelphia, Pa. 
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NECROLOGY. 


Alexander Ewing Outerbridge, Jr., was born in Philadelphia on July 30, 1850, 
and died on January 15, 1928. Mr. Outerbridge was educated at the Episcopal 
Academy and received private instruction in analytical chemistry and mathe- 
matics. In 1867 he was made assistant to Professor Henry Morton, then Secretary 
of The Franklin Institute and in the absence of Dr. John F. Frazer Professor of 
Chemistry and Physics at the University of Pennsylvania. During the following 
year Mr. Outerbridge conducted some of Professor Morton’s classes and also 
taught English at the Episcopal Academy. In 1869 he was appointed Assistant 
in the Assay Department of the United States Mint in Philadelphia. Ten years 
later he was offered the position of Chief Assayer at the Assay Office at Helena, 
Montana, which he declined, and this was followed by a temporary transfer to the 
Mint at New Orleans, La., for the purpose of organizing the assay laboratory 
which was about to be re-established. He returned to the Philadelphia Mint in 
the following year. In 1881 he resigned his position at the Mint and became 
Metallurgist for Messrs. A. Whitney & Sons, manufacturers of car wheels. After 
eight years with this firm he accepted a similar position with William Sellers & 
Company, Inc., which he retained until the time of his death. 

In 1873 Mr. Outerbridge conducted an extensive investigation by authority of 
the Director of the Mint in spectrum analysis of gold, silver and other metals, 
samples of which were supplied by the Assay Department. This study occupied a 
period of about eight months and was conducted in the Laboratory of the Assay 
Department of the United States Mint, at the Stevens Institute, Hoboken, N. J., 
and at the University of Pennsylvania. The results were embodied in reports to 
the Director of the Mint and afterwards incorporated in his Annual Report. 

In 1876 Mr. Outerbridge discovered a process for obtaining extremely thin 
films of gold and other metals by electro-deposition on copper foil and subsequently 
dissolving the copper matrix, leaving the thin metal films floating intact. They 
were then mounted on glass slides and studied under high power microscopes by 
transmitted as well as by reflected light. Electro-films were obtained 1/10,000,000 
of an inch thick. Mr. Outerbridge also conducted a series of experimental 
investigations on the impurities in silver. Special apparatus was devised and 
erected in the melting department of the United States Mint for collecting the 
metallic vapors escaping from the crucibles and recovering the precious metals 
therefrom. A summary of these investigations appeared in the JOURNAL OF THE 
FRANKLIN INSTITUTE for June 1879. 

In 1886 Mr. Outerbridge discovered a process for carbonizing fern leaves and 
other organic products, lace and other delicate fabrics without making them 
brittle and employing these carbonized materials directly as ‘‘facings” in molds 
into which molten cast-iron, steel, bronze or other metals were poured, thus 
obtaining perfect replicas of the designs in metal suitable for dies and other 
purposes. 

The results of a two years’ study of the ‘‘mobility of molecules”’ of solid, 
cold cast-iron were made public in February 1896. The Franklin Institute 
appointed a committee to investigate the subject and after making a number of 


584 MEMBERSHIP NOTES. [J. F. I. 


ALEX. E. OUTERBRIDGE, JR. 
1850-1928. 


Apr., 1928.] MEMBERSHIP NOTES. 585 


tests of bars published its report in July 1898. Asa result of the above experi- 

ments Mr. Outerbridge also discovered that iron castings can be caused to grow in 

cubical dimensions while in the solid state without destroying their metallic 

properties or distorting the shapes. This subject was also considered by the 

Committee on Science and the Arts of the Institute; he was awarded the Elliott 

Cresson Medal. While investigating the hardening of steel tools Mr. Outerbridge 

devised an improved form of ‘‘ permanent color screen ” for readily ascertaining the 

exact temperature of a bath of molten metal. In 1911 Mr. Outerbridge made pub- 

lic a method for detecting the adulteration of certain oils by fluorescence. 
Mr. Outerbridge has been a member of The Franklin Institute since 1871. He 

served on its Committee on Science and the Arts from 1875 to 1889, was a member of 

its Board of Managers from 1881 to 1886 and was an active member of the Commit- 

tee on Exhibitions during the continuance of the International Electrical Exhibition 

in 1884. He was appointed Professor of Metallurgy of The Franklin Institute in 

IgOI and became President of the Mining and Metallurgical Section in 1908, 

serving up to the time of discontinuance of the Section. He was awarded the 

John Scott Medal by the City of Philadelphia on the recommendation of the 

Institute in 1888 for his method of carbonizing fabrics and castings therefrom and 

again in 1897 for his method of investigating the molecular physics of cast-iron. 

The Elliott Cresson Medal was awarded to him by The Franklin Institute in 1904 

for his investigations in the molecular structure of cast-iron. His interest and 

activities were varied but he was always ready and willing to codperate in any 

undertaking which might in any way benefit The Franklin Institute. A list of his 

contributions to the JOURNAL of the Institute covering a period of over forty years 

follows: 

Advantages of mechanical stoking, 

Alloys of silver with embrittling metals, 

Application of spectroscope to mint assaying, 

Casting iron, etc., on lace, embroideries, fern-leaves, etc., 

Dangers arising from the use of cast-iron in the construction of steel skeleton 
structures, 

Edison electric light, 

Electricity, 

Equilibrium of iron-carbon systems (translation from the French), 

Fourth state of matter, 

Franklin Medal, 

Future of American industries, 

High-grade silicon for purifying cast-iron, 

Integrity of tests of metals, 

Lecture on matter, including “radiant” matter, 

Machinery and the man, 

Metallurgy and assaying of the metals used in coinage, 

Mineral wealth of the islands of Newfoundland and Jamaica, 

Mining and minting of gold and silver, 

Modern traveling crane, 

Molecular annealing of cast-iron, 

Molecular changes in cast-iron caused by vibration, 

The molecule, the atom and the new theory of matter, 


VoL. 205, No. 1228—40 
40 


586 LIBRARY NOTES. [J. F. L. 


Opening address, president of the Mining and Metallurgical Section, 
Pending problems for wage earners, 

Pig-iron, etc., etc., 

A practical application of fluorescence in testing oils for industrial purposes, 
Recent investigations and discoveries in cast-iron, 

Recent progress in metallurgy, 

Science in the foundry, 

Smoke nuisance and its abatement, 

Some further notes on cast-iron, 

Strength of white-iron castings as influenced by heat treatment, 
Study of the micro-structure of bronzes, 

Undeveloped wealth of Newfoundland, 

Utilization of blast-furnace waste. 


LIBRARY NOTES. 
RECENT ADDITIONS. 


Allen’s Commercial Organic Analysis. Fifth edition, revised and in part re- 
written. Volume 6. 1928. 

Amtorg Trading Corporation. Catalog of American Industry and Trade. (In 
Russian.) 1927. 

ANDRADE, E. N. pa C.—Structure of the Atom. No date. 

BELLUZZO, GIUSEPPE.—Les Turbines à Vapeur. Traduit de l'Italien par Jean 
Chevrier. Two volumes. Deuxième edition. 1927. 

BLocu, EuGENE.—Thermionic Phenomena. Translated by J. R. Clarke. No 
date. 

BUSWELL, ARTHUR M.—Chemistry of Water and Sewage Treatment. 1928. 

Dickinson, H. W., AND Ruys JENKINS.—James Watt and the Steam Engine. 
1927. 

FRANKLIN, BENJAMIN.—Works . . . Consisting of His Life Written by Himself, 
Together with Essays, Humorous, Moral, and Literary, Chiefly in the 
Manner of The Spectator. Two volumes bound in one. 1794. 

Gauss, CARL FRIEDRICH.—Bestimmung der Anziehung eines elliptischen Ringes. 
Ostwald’s Klassiker der exakten Wissenschaften Nr. 225. 1927. 

HÜBL, ARTHUR.—Die Lichtfilter. Dritte Auflage. 1927. 

Jacosi, C. G. J.—Theorie der elliptischen Funktionen aus den Eigenschaften 
der Thetareihen abgeleitet. Ostwald’s Klassiker der exakten Wissenschaften 
Nr. 224. 1927. 

Minerva Jahrbuch der gelehrten Welt. Neunundzwanzigster Jahrgang, Band I. 
1928. 

OsBorRN, CHASE SALMON.—The Earth Upsets. (Another Terrestrial Motion.) 
1927. 

REILLY, JOSEPH, WM. N. RAE, AND T. S. WHEELER.—Physico-Chemical Methods. 
No date. 

WIEN, W., AND F. Harms.—Handbuch der Experimentalphysik. Band 6, 
Kapillaritat und Oberflachenspannung, bearbeitet von G. Bakker.1928. 
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BOOK REVIEWS. 


Report No. 277, The Comparative Performance of an Aviation Engine at 
Normal and High Inlet Air Temperatures, by Arthur W. Gardiner and 
Oscar W. Schey. 19 pages, illustrations, quarto. Washington, Govern- 
ment Printing Office, 1927. Price, ten cents. 


This report deals with results obtained during an investigation to determine 
the effect of high inlet air temperature on the performance of a Liberty 12 aviation 
engine. The purpose of this investigation was to ascertain, for normal service 
carburetor adjustments and a fixed ignition advance, the relation between power 
and temperature for the range of carburetor air temperatures that may be en- 
countered when supercharging to sea level pressure at altitudes of over 20,000 
feet and without intercooling when using plain aviation gasoline and mixtures 
of benzol and gasoline. 

Laboratory tests were made at full throttle over the speed range from 1,400 
to 1,800 R.P.M., in which the pressure at the carburetor and exhaust was main- 
tained sensibly constant and the inlet air temperature varied from 45° to 180° F. 
The range of mixtures was that normally used in flight. Plain aviation gasoline, 
a mixture consisting of 30 per cent. (by volume) of commercial benzol and 70 
per cent. gasoline, and a mixture of 65 per cent. benzol and 35 per cent. gasoline 
were used. Additional tests were made with a Wright E-4 aviation engine. 

The results show that for the conditions of test both the brake and indicated 
power decrease with increase in air temperature at a faster rate than given by 
the theoretical assumption that power varies inversely as the square root of the 
absolute temperature. On a brake basis, the order of the difference in power for 
a temperature difference of 120° F. is 3 to 5 per cent. The observed relation 
between power and temperature when using the 30-70 blend was found to be 
linear. But, although these differences are noted, the above theoretical assump- 
tion may be considered as generally applicable except where greater precision 
over a wide range of temperatures is desired, in which case it appears necessary 
to test the particular engine under the given conditions. 


Report No. 279, Tests on Models of Three British Airplanes in the Variable 
Density Wind Tunnel, by George J. Higgins, W. S. Diehl, and George 
L. DeFoe. 27 pages, illustrations, quarto. Washington, Government 
Printing Office, 1928. Price, fifteen cents. 


Results of tests made in the Committee’s variable density wind tunnel on 
three airplane models supplied by the British Aéronautical Research Committee 
are here given. The models, the BE-2E with R.A.F. 19 wings, the Bristol 
Fighter with R.A.F. 15 wings, and the Bristol Fighter with R.A.F. 30 wings, were 
tested over a wide range in Reynolds Numbers in order to supply data desired 
by the Aéronautical Research Committee for scale effect studies. 

The maximum lifts obtained in these tests are in excellent agreement with 
the published results of British tests, both model and full scale. No attempt is 
made to compare drag data, owing to the omission of tail surfaces, radiator, etc. 
from the model, but it is shown that the scale effect observed on the drag 
coefficients in these tests is due to a large extent to the parts of the models other 
than the wings. 
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FUNDAMENTALS OF Dairy SCIENCE. By Associates of Lore A. Rogers in the 
Research Laboratories of the Bureau of Dairy Industry, United States 
Department of Agriculture. 543 pages, illustrations, 8vo. New York, The 
Chemical Catalog Company, Inc., 1928. Price, $5.50. 


The jubilee volume has been more in evidence in Germany than in other 
nations. The Festschrift is frequently presented in commemoration of a quarter- 
century or a half-century of service in some department of human knowledge. 
The Anglo-Saxon is not quite as effusive in recognition of merit and we have 
had in the United States but little of this type of publication. The present volum: 
does not prominently appear as a jubilee book but the dedication to Lore Alford 
Rogers in recognition of his quarter-century service in the advancement of 
knowledge both in its pure and applied phases indicates it as a work of the com- 
memorative type. The subject matter of the book is entirely that of dairy 
chemistry. It is one of the publications under the auspices of the American 
Chemical Society, so many of which have already been given to the public. 
The contributions are by those who have served with the dedicatee, whose portrait 
is given as a frontispiece. 

A vast amount of information concerning the chemistry, physical chemistry, 
microbiology and nutritional value of milk and milk products is contained within 
the volume. The first section of about a hundred pages is devoted to the 
constituents of milk, each set of constituents being given a special chapter. 
Even subdivisions of these chapters are by separate authors, specialists in the 
various fields treated. Naturally, cows’ milk in its sanitary and economic 
relation occupies the most prominent position. It is not a manual of analysis 
but brings up to date the nature and value of milk as a food. As the contributors 
are American workers, it is another evidence of the commendable development in 
pure and applied science which is taking place in this country and the contributors 
deserve great credit for the plan of thus combining in one convenient volume the 
results of their investigations on the topics covered. It is indeed astonishing to 
see how a single article of food can be properly treated in such extent and detail. 


HENRY LEFFMANN. 


THERMIONIC PHENOMENA. By Eugène Bloch, Maitre de conférences a la Faculté 
des Sciences, Paris. Translated by J. R. Clarke, M.Sc., F.Inst.P., Lecturer 
in Physics in the University of Shefheld. x-145 pages (18 x 12 cm.), cloth. 
New York, E. P. Dutton and Company. Price, $2.50. 


The advent of the Fleming valve and its subsequent evolution into an 
appliance of capital importance in telephony, both over wires and through the 
air, marks an epoch of intensive research in thermionic emission. The charac- 
teristics and capabilities of the thermionic tube are both understood by many 
as well as intelligently used by a much greater number, yet the basic principle, 
thermionic emission, upon which it operates still constitutes a fruitful field for 
research. Those who would keep abreast with the continued advance in this 
art as well as with the general problem of electrical conduction in the proximity 
of heated bodies must keep themselves informed on the numerous investigations 
which are continually accumulating in the files of scientific societies and occa- 
sionally appearing in book form. To such readers Professor Bloch has provided 
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by the issue of this volume a labor-saving work of great value. Within its covers 
will be found a resumé of all the important studies which have been made in 
modern times on thermionic emission. The work is most thoroughly documented 
from English and American and French and German sources. Most notable 
among these is the work by O. W. Richardson, ‘The Emission of Electricity from 
Hot Bodies” the latest edition of which appeared in 1921. The excellent rendition 
into English by Professor Clarke is a worthy setting for a book of timely value. 
LucIEN E. PICOLET. 


PROPERTIES AND TESTING OF MAGNETIC MATERIALS. By Thomas Spooner, 
Research Engineer, Westinghouse Electric and Manufacturing Company; 
Chairman of the Magnetic Properties Committee of the American Society 
for Testing Materials; Member American Institute of Electrical Engineers; 
Member American Physical Society. xiv-385 pages, 23x15 cm., cloth. 
New York, McGraw-Hill Book Company, Inc., 1927. Price, $5. 

APPLIED MAGNETISM. By T.F. Wall, D.Sc., D.Eng., M.I.E.E., A.M. Inst. C.E.' 
Head of the Electrical Engineering Department, University of Sheffield. 
262 pages, 25 x 18 cm., cloth. New York, D. Van Nostrand Company, Inc., 
1927. Price, $8. 

Research workers must ever rely upon periodical literature for information 
on the subject of their investigation for it is only from such sources that recent 
enough data; and in its original form may be found, but there are many more users 
of scientific literature, whose needs are less critical, to whom such literature is not 
available. For them, a well-arranged text-book containing recent data often is a 
more efficient source of information, and either new books or revised editions of 
old ones must appear at reasonable intervals. The appearance of the two works 
before us is in harmony with these circumstances. The first mentioned deals 
specifically with the properties and testing of magnetic materials; the second is 
more of a general treatise in its scope, and both contain recent info mation. 

Mr. Spooner’s work is devoted chiefly to a consideration of the magnetic 
properties of commercial ferro-magnetic materials and to a description and dis- 
cussion of the various useful methods of test suitable for commercial inspection 
and for research. Only a brief outline of the relations of the quantities of the 
magnetic circuit is given, a knowledge of these fundamentals being assumed. In 
the first of the three divisions of the work which occupies one-half the volume a 
review is made of the quantities represented by magnetization and permeability 
curves; then, proceeding to normal hysteresis and eddy-current losses, range of 
permeability and core-loss values for various irons and their alloys are analyzed 
at length. A short description of some non-magnetic ferrous alloys is included. 
The chapter on permanent magnet steels, their composition, treatment and prop- 
erties, adds materially to the gradually accumulating collection of rational informa- 
tion on the ‘‘trade secrets” of this art. Then follow chapters on hysteresis under 
special conditions and effects of frequency on apparent permeability and iron 
losses. 

The effects of direction of grain and mechanical stress on magnetic properties, 
under which are included the effects of rolling and punching and shearing of sheet 
material, are given a chapter of considerable length. The phenomenon of magne- 
tostriction is accorded a brief account only as having little bearing in its present 
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development on commercial applications. Other “effects,” it may be noted, 
important as they are in their relation to atomic theory, are also ignored for a 
like reason. The important factor of annealing electrical sheet and the heat- 
treating of permanent-magnet steels is given space in keeping with its importance. 
Another chapter deals with reversible temperature effects as distinguished from 
the permanent temperature effects of the previous chapter. Chapters on alternat- 
ing magnetizing current and on the mechanical properties and thermal conductiv- 
ity of electrical sheet complete the first part of the work. 

The second part constitutes a treatise on commercial magnetic testing and is 
distinctive in laying stress upon commercially applicable methods and apparatus. 
This part of the subject is sub-divided into the two main divisions of direct-current 
testing and alternating-current testing. Under the former division are considered 
numerous methods and lay-out of apparatus for the measurement of induction and 
magnetizing force and, under the latter, those applicable to the determination of 
losses under alternating-current flux. A chapter on core-losses in transformers 
and in rotating machines, and on magnetic analysis, constitutes the third part. 
The latter is on the promising system of testing the physical condition and prop- 
erties of materials from their magnetic qualities. The work is thoroughly doc- 
umented by references to original sources at the end of each chapter which relate 
to the topics there discussed. The volume contains an immense amount of 
thoroughly analyzed and carefully appraised applicable data in irreproachable 
typographical setting. 

Professor Wall’s work deals with principles as well as with application. Ina 
first part of this work, the principles of applied magnetism are considered; in the 
second part, magnetic testing. Under Part I are developed first the usual for- 
mulasconnecting the quantities which express the phenomena of magneticinduction 
and an account of the molecular theory of magnetism. Proceeding to application, 
there is fully discussed in the second chapter the theory of permanent magnets. 
In addition to the analytical deductions of this chapter many matters of practical 
interest are included. The third chapter covers a collection of metallurgical facts 
of unusual interest and their relationship to the magnetic properties of iron and 
steel and the fourth some characteristics of magnetic substances. In the latter 
are some very interesting data on permanent magnet steels, on the now well- 
known and much appreciated ‘‘ permalloy”’ and the recent Ferranti non-magnetic 
cast iron. The fifth chapter contains an analytical and experimental account of 
reluctivity and the Frohlich-Kennelly relationship. Magnetostriction which has 
received much attention from recent investigators is given the sixth chapter. 
The discovery of the electron and the development of the electron theory of matter 
which has placed the 100-year-old Ampère theory of magnetism on a firm founda- 
tion of experimental fact is considered in the seventh chapter. With view to 
testing the possible change of the magnetic properties due to a change of electronic 
orbits under an intense magnetic field, a full account is given in chapter eight of 
the author’s method and apparatus for producing a field of the order of 500,000 
gausses by means of condenser discharge. 

Under part two, various methods of magnetic testing are considered. In this 
are included the ballistic galvanometer, the fluxmeter, determination of magnet- 
ization curve and hysteresis loop; bar-and-yoke method; magnetization curve and 
hysteresis loop by magnetometer method; total losses in iron laminations; measure- 
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ment by means of the magnetic square; separation of the losses; hysteresis loop 
for transformer cores by Scott’s method. In the last chapter are discussed the 
testing of permanent magnets; testing of feebly magnetic substances and testing 
for mechanical and other defects in steel by magnetic methods, a mode of testing 
which the author states is giving promise of great practical value. 

The work is set up in somewhat larger type than is usual in works of this sort 
and the text is correspondingly comfortable to read; that feature necessarily 
increases the size of the volume. The subject is presented with great clarity and 
in its modern aspects. 

Lucien E. PICOLET. 


PYROXYLIN ENAMELS AND LACQUERS, THEIR Raw MATERIALS, MANUFACTURE 
AND APPLICATION. By Samuel P. Wilson, M.A., Ph.D. Second edition, 
enlarged. xv-253 pages, illustrations, 8vo. New York, D. Van Nostrand 
Company, Inc., 1927. Price, $3.50. 

The soluble cottons obtained by nitrating the natural form have been known 
for many years. For a long while their principal use was for explosives. In this 
use they produced very profound modifications in the art of war but did not get 
the application for engineering purposes that the corresponding derivatives from 
glycerol and the phenolic bodies have obtained. From an early period, however, 
in the history of pyroxylins, their solubility in some familiar liquids led to their 
use as coatings of various kinds. Many years ago the so-called wet process of 
photography was invented, based on the use of a solution of nitrated cotton in a 
mixture of alcohol and ether which, allowed to evaporate, gave a very satisfactory 
coating on the glass plate as a carrier for the sensitive emulsion. It is necessary 
also to note the very important product celluloid which has found so many ap- 
plications, especially as a substitute for bone and ivory. The applications of 
these cotton products through the productions of varnishes and enamels have 
greatly extended their usefulness and manufacture. The present work is a sum- 
mary of the technology of this subject and begins by describing the manufacture of 
the nitrated material and a description of its properties; then a large amount of 
space is devoted to the solvents which are quite numerous and are grouped as 
alcohols, esters and ketones; also a number of liquids which are not solvents are 
included in these descriptions. It is to be regretted that the coal tar products 
of the closed chain type are referred to as benzol, toluol and xylol instead of with 
their proper termination ‘‘ene,’’ but it seems hard to drive out of the practical 
worker these erroneous methods of expression. The plasticisers and the many 
accessory substances which are added to the solutions in order to adapt them toa 
Variety of uses are described in detail. Part 2 is devoted to bronzing liquids and 
to those applications which are called by the curious name of ‘‘dopes.” The work 
concludes with a description of a variety of analytic methods, including some 
suggestions for avoiding the hazards attending the use of such materials. The 
work contains therefore a very large amount of information of a practical character 
on a line of industry which is of comparatively recent development and of wide- 
Spread application. 

HENRY LEFFMANN, 
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PROTECTIVE METALLIC CoATINGs. By Henry S. Rawdon, Senior Scientist 
(Metallurgy) United States Bureau of Standards. American Chemica! 
Society Monograph Series. 277 pages, 23x15 cm., cloth. New York, 
The Chemical Catalog Company, Inc., 1928. Price, $5.50. 


Protecting a metal surface against corrosion is most obviously attained by the 
application of a coating which excludes atmospheric or other corrosive influences. 
To be fully effective, such a coating must be intact at all points and the necessity 
for the repainting of exposed metallic structures at periodic intervals is a familiar 
illustration of that requirement. With certain metallic coatings, like the old and 
tried “galvanizing,” an additional protection is afforded, at points where the 
coating is imperfect, by the electrolytic relation between the coating-metal and 
the surface which it protects. The very term “galvanized” early applied to 
zinc-coated iron suggests an equally early appreciation of the virtue of this 
electrolytic feature. Another action of value in this and other dipping processes 
is the firm adhesion of the coating which results from the alloying of two metals at 
the surfaces of contact. Accordingly a consideration of the electrolytic behavior 
of metals in contact and the formation of alloys under the conditions of plating 
Operations are important features in the study of protective metallic coating 
processes. These matters are kept much in the foreground in the presentation of 
the subject. 

The work is arranged in three divisions. First, a survey of coating methods, 
then a discussion of commercial metallic coatings, and lastly methods of testing 
metallic coatings. Before proceeding with specific topics, an introductory chapter 
contains an account of the principles which govern metallic coating processes and 
an illuminating discussion of the electrolytic corrosion of metals in contact. 
Under ‘‘coating methods” the principles, nature and practical application of 
coating methods depending upon the alloying of coating and base, electroplating 
and metal spraying and sprayed metal coatings are examined at considerable 
length. The last method is given the largest share of attention in this preliminary 
discussion of plating processes but is not further considered among the analytical 
and practical details which follow. As compared with the older processes, metal- 
spraying is a recent arrival in the field of metal coating but it has already been 
applied to such work as the hulls of ships, bridges, railway-car under-frames and 
other large work. In regard to its future, the author says: ‘On the whole, it 
seems that the metal-spraying process has not yet settled down to its proper place. 
This is only a matter of time, however, since the value, importance and practica- 
bility for many purposes of the metal-spray method has been demonstrated again 
and again.” 

Zinc-coating by hot-dipping or galvanizing and tin-coating receive a large 
share of attention in keeping with their important position in the metal industries. 
In these chapters, many details of practical value and analytical interest are 
included. There is also a study of microstructure of iron-zinc alloys with numerous 
photo-micrographs of cross-sections and surfaces of coatings. Electroplating, as 
well as dipping and cementation processes for both zinc and tin receive adequate 
attention. There are chapters on coatings of copper, nickel, chromium and 
cobalt, coatings of lead, cadmium and aluminum, and gold and silver coatings. 
All of these receive the same physico-chemical examination as is accorded to the 
plate-industries. Miscellaneous finishes and methods of testing metallic coatings 
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complete the work. An unusually extensive classified bibliography is appended. 
The work is unique in its full presentation of the subject and its logical 
treatment. 
Lucien E. PICOLET. 


PUBLICATIONS RECEIVED. 


Wireless Principles and Practice, by L. S. Palmer, M.Sc., Ph.D. 504 pages, 
illustrations, 8vo. London and New York, Longmans, Green and Company, 
1928, price $7. 

Fundamentals of Datry Science, by Associates of Lore A. Rogers in the 
Research Laboratories of the Bureau of Dairy Industry, United States Depart- 
ment of Agriculture. 543 pages, illustrations, portrait, 8vo. New York, The 
Chemical Catalog Company, Inc., 1928, price $5.50. 

An Introductory Textbook of Electrical Engineering, by John Robert Benton. 
347 pages, illustrations, 8vo. Boston, Ginn and Company, 1928, price $3.60. 

Appareils et Méthodes de Mesures mécaniques, par le Lt. Colonel Jules 
Raibaud. 215 pages, illustrations, 16mo. Paris, Librairie Armand Colin, 1928, 
price, in paper, 9 francs. 

Éléments de Thermodynamique, par Charles Fabry, Membre de l'Institut. 
216 pages, illustrations, 16mo. Paris, Librairie Armand Colin, 1928, price, 
in paper, 9 francs. 

El Observatorio del Ebro. Idea general sobre el mismo por el Subdirector 
P. Ignacio Puig, S.J. 188 pages, illustrations, 8vo. Tortosa, Imprenta Moderna, 
1928, price § pesetas. 

Notre Misère Scientifique, Ses Causes, Ses Remèdes. L'appel du Roi par 
Q. M. Quaeris et des collaborateurs. 55 pages, 8vo. Bruxelles, Fr. Saey, 1928, 
price 10 francs. 

National Advisory Committee for Aéronautics. Technical Notes, No. 273, 
The effect of performance of a cutaway center section by Thomas Carroll. 7 
pages, illustrations, quarto. No. 274, The effect of the Sperry messenger fusilage 
on the air flow at the propeller plane by Fred. E. Weick. 5 pages, illustrations, 
quarto. No. 275, Determination of propeller deflection by means of static load 
tests on models by Fred. E. Weick. 7 pages, illustrations, quarto. No. 277, 
Pressure distribution on wing ribs of the VE-7 and TS airplanes in flight by R. 
V. Rhode. 6 pages, illustrations, quarto. No. 278, An automatic speed control 


for wind tunnels by A. F. Zahm. 15 pages, illustrations, quarto. Washington, 
Committee, 1928. 


CURRENT TOPICS. 


American Electrochemical Society Meeting. The Annual 
Meeting will be held at Bridgeport, Conn., on April 26, 27 and 28. 
The opening session will be devoted to a discussion of new batteries. 
A public lecture will be given on Thursday evening by Professor 
Bergen Davis of Columbia University on the use of the X-ray in the 
study of metals and compounds. The second session will be given 
over to a discussion of electric heating, melting and electric furnace 
linings. The final session will be held on Saturday morning, at 
which papers will be presented on electroplating of nickel, gold, 
silver, chromium and thallium. 


Twentieth Anniversary of the Federal Food and Drugs Act. On 
October 20, 1926, a joint conference of the Association of Official 
Agricultural Chemists, the Association of Dairy, Food and Drug 
Officials of the United States, and the Association of Feed Control 
Officials of the United States was held at Washington, D. C., to 
celebrate the twentieth anniversary of the passage of the Federal 
Food and Drugs Act, and its approval by President Roosevelt on 
June 30, 1906. The Proceedings of this conference have been 
published in a monograph of 69 pages. Among the papers are: 
“The Rôle of Chemistry in Food and Drug Administration ” by 
W. W. Randall, “‘ The Part the States Have Played in the Pure 
Food Movement” by Thomas Holt, “Twenty Years of Feed 
Control ” by F. D. Fuller, “ The Relation of Research to Control ” 
by C. A. Browne, ‘‘ Food Industries and Regulation ” by Charles 
Wesley Dunn, “ Lux et Veritas ” by Harvey W. Wiley. J.S.H. 


Chemistry, Biology, and Medicine. In his Willard Gibbs 
lecture, JOHN J. ABEL of Johns Hopkins University (Science, 1927, 
66, 307-319, 337-346) discusses the relationship of chemistry to 
biology and medicine since the days of Paracelsus, who fused 
chemistry and medicine during the first half of the sixteenth century. 
Respiration was studied by Robert Boyle, John Mayow, and 
Lavoisier. The later work of Magnus, Pflueger, Ludwig and 
Lothar Meyer developed the modern theory of both internal and 
external respiration. In 1828 Wohler synthesized urea. The 
researches of physiological chemists from the days of Liebig, Wohler 
and Dumas to those of Emil Fischer and Willstatter have explained 
many physiological processes and the chemistry of many compounds 
of biological importance such as the sugars, the proteins, the 
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purines, the tannins, the enzymes, and the respiratory pigment of 
the blood and the assimilatory pigments of plants. Physical 
chemistry has stressed the importance of surface in reactions; thus 
the interchange of oxygen in the inspired air for carbon dioxide in 
the venous blood occurs in the alveoli of the lungs. The lungs 
contain about 725,000,000 alveoli which have a total internal area of 
approximately 100 square meters. This large area permits the gas 
exchange to occur in the period of less than 4 seconds which is 
required for each respiration. The hormones are chemical messen- 
gers which are secreted by the endocrine glands, pass into the blood 
stream, and cause some distant nerve cell or other organ to perform 
some definite function. While numerous hormones are known, but 
few have been isolated, and only two—epinephrine and thyroxine— 
have been synthesized. Epinephrine is the hormone secreted by the 
medulla of the suprarenal glands; it has a specific action on the 
sympathetic nervous system, for instance, it gives rise to constriction 
of the blood vessels, relaxation of constricted bronchioles of the 
lungs, increased rapidity of heart action, and other symptoms. 
Thyroxine governs the basal metabolic rate of the body; it is 
secreted by the thyroid gland. The structural formula of each of 
these two hormones has been ascertained. Insulin is the hormone 
secreted by the histological units of the pancreas known as the 
islands of Langerhans. While its structural formula is, as yet, 
unknown, insulin has been isolated in the crystalline form; thus, 
when 2001 grams of commercial dry insulin powder, containing 13 
insulin units per milligram, were used, they yielded 0.5284 gram of 
crystalline insulin, each milligram of which had a value of 40 
insulin units. The crystals yield certain protein reactions, but 
apparently do not contafn tryptophane, free cystine, or cysteine; 
they apparently are dimorphous; their solutions are levorotatory. 
Insulin has the empirical formula Cy;sHeOuNuS when dried in an 
atmosphere of nitrogen at a temperature of 105° to 120° C.; the 
air-dried material contains 3 molecules of water of crystallization. 
Approximately 37.5 per cent. of the total sulphur is in a labile or 
“carbonate '"' form. A deficient secretion of insulin by the islands 


of Langerhans gives rise to the disease known as diabetes mellitus. 
J-S.- H. 


Atomic Weight Table. The American Chemical Society table of 
Atomic Weights for 1928 has been prepared by GREGORY PAUL 
BAXTER of Harvard University (Jour. Am. Chem. Soc., 1928, 50, 
603-617). Five changes have been made from the table for 1927; 
the new values for 1928 are: Helium 4.002, Argon 39.94, Dys- 
Prosium 162.46, Neon 20.183, and Yttrium 88.92. J. S. H. 
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New Regulations. The Food, Drug, and Insecticide Adminis- 
tration of the U. S. Department of Agriculture issued Regulations 
for the Enforcement of the Federal Food and Drugs Act in October 
(Service and Regulatory Announcements, Food and Drug No. 1, 19 
pages). In December, the same Administration issued Definitions 
and Standards for Food Products (Service and Regulatory An- 
nouncements, Food and Drug No. 2, 20 pages), including meats and 
meat products; milk and milk products; grain products; fruit and 
vegetables; sugars and related substarces; condiments; tea, coffee 
and cacao products; beverages; wines; vinegar; salt; and baking 
powder. In February, a supplement was issued containing amend- 
ments to these definitions and standards with respect to sage and tea 
(Service and Regulatory Announcements, Food and Drug No. 2, 
Supplement No. I, I page). 

In December, this Administration also issued Regulations for the 
Enforcement of the Caustic Poison Act (Service and Regulatory 
Announcements, Caustic Poison No. I, 12 pages). 

The regulations for the enforcement of each act contain the text 


of the act in question, as well as the regulations for its enforcement. 
J. S. H. 
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ARE ELECTRONS WAVES? * 


BY 
C. J. DAVISSON, Ph.D. 
Bell Telephone Laboratories, Inc. 


I must tell you to begin with that Dr. Germer and I are 
keenly aware of the very great compliment you have paid us 
in’asking me to come here this evening and describe to you 
our experiments with electrons. It 1s a compliment which 
we appreciate very much indeed. | 

The title which I have chosen for my address, “Are 
electrons waves?,’’ suggests that some doubt has arisen in 
regard to the nature of electrons. And this is true. The 
fact is that circumstances have been found in which electrons 
try to make out that they are not particles at all, but are 
instead waves. 

As an example of this perverseness I shall describe a 
simple type of experiment that Dr. Germer and I have been 
making for the past several months. We direct a narrow 
stream of electrons against the face of a nickel crystal, and 
observe that under certain conditions a sharply defined stream 
of electrons leaves the crystal in the direction of regular 
reflection—angle of reflection equal to angle of incidence. 

At first thought there may seem to be nothing so very 
strange in this. Why should not electrons be regularly re- 
flected from a metal surface? We know that Newton and 

* Presented at the Stated Mecting held Wednesday, March 21, 1928. 
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other adherents of the corpuscular theory of light were not 
embarrassed by the fact that light is regularly reflected from 
a plane mirror. The phenomenon is one that they could 
explain quite easily. It is well known that in an elastic 
encounter between a particle and a plane surface the particle 
rebounds from the surface in the direction of regular reflection 
—hence the regular reflections of light on the corpuscular 
theory, and why not also the regular reflection of electrons? 

Well, the adherents of the corpuscular theory of light had 
certain advantages over us in picturing reflection in this way. 
They had not committed themselves in regard to the size 
of the light corpuscle, and they knew nothing about the 
structure of metallic surfaces. We have reasons for believing 
that the electron is about 107! cm. in diameter. We know 
that atoms have diameters of the order 10-8 cm. and we know 
also that the least distance between atoms in the nickel 
crystal is 2.48 X 10-8 cm. If we take 107" cm. as a unit 
of length, then the diameter of the electron is one of these 
units, the diameter of the nickel atom is one hundred thou- 
sand, and the least distance between atoms in the nickel 
crystal is nearly 250,000. 

The difficulty of picturing the regular reflection of par- 
ticles as small as electrons from a surface made up of bodies 
as large as atoms is at once evident. If we were to fire a 
load of bird shot against a pyramid of cannon balls, we should 
not expect to find a little cloud of shot moving off in the 
direction of the regular reflection from the face of the pyramid. 
A surface made up of cannon balls is much too coarse grained 
to serve as a regular reflector for particles as small as bird 
shot. 

The analogy is not such a good one really, for we do not 
think of electrons rebounding from the surface of an atom 
in the way that shot rebound from a cannon ball. We have 
been accustomed to think of the atom as rather like the solar 
system—a massive nuclear sun surrounded by planetary elec- 
trons moving in closed orbits. On this view the electron 
which strikes into a metal surface is like a comet plunging 
into a region rather densely packed with solar systems. 
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There is a certain small probability, or at least there might 
seem to be, that the electron will strike into an atom in or 
near the surface of the metal, be swung about comet-wise, 
and sent flying out of the metal without loss of energy. The 
direction taken by such an electron as it leaves the metal 
should be a matter of private treaty between the electron 
and the individual atom. One does not see how the neigh- 
boring atoms could have any voice in the matter. And yet 
we find that the high-speed scattered electrons have a prefer- 
ence for moving off in the direction of regular reflection, a 
direction which is related to the plane of the surface. Three 
atoms at least are required to fix this plane, so that the direc- 
tion taken by the electron is determined not by one atom, 
but by three atoms at least. 

One may say without qualification that in terms of atoms 
and electrons and their interaction as we have been accus- 
tomed to picture them the regular reflection of electrons from 
a metal surface is quite incomprehensible. 

Of course, if electrons were waves there would be no 
difficulty. We think we understand the regular reflection 
of light and of x-rays—and we should understand the reflec- 
tion of electrons as well if electrons were only waves instead 
of particles. This observation though true does not seem a 
particularly valuable one. It is rather as if one were to see 
a rabbit climbing a tree, and were to say, ‘Well, that is 
rather a strange thing for a rabbit to be doing, but after all 
there is really nothing to get excited about. Cats climb trees 
—so that, if the rabbit were only a cat, we would understand 
its behavior perfectly.” Of course, the explanation might 
be that what we took to be a rabbit was not a rabbit at all, 
but was actually a cat. Is it possible that we are mistaken 
about electrons? Is it possible that we have been wrong all 
this time in supposing that they are particles, and that 
actually they are waves? Well, I do not need to enumerate 
to you the many reasons we have for believing—I may say 
for knowing—that electrons are actually particles. 

As if these reasons were not numerous enough—the very 
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method by which we detect the regular reflected beam supplies 
still another. The regularly reflected beam is found by mov- 
ing a small bucket about in front of the crystal and observing 
that more electrons are caught when the bucket stands in the 
direction of regular reflection than in any other. 
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Experimental arrangement for investigating the scattering of electrons by a crystal, and a typical 
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A diagram of the experimental arrangement is shown in 
Fig. I. 

This arrangement of filament and box is an electron gun 
which supplies us with a steady stream of electrons. The 
speed of the electrons is under our control and can be given 
any desired value by maintaining a suitable potential differ- 
ence between the filament and the box. This stream is 
directed against the crystal, and electrons of various speeds 
move off in all directions from the bombarded area. 

To find how many are moving off in different directions 
we move the collector, which is really a bucket, and find how 
many electrons we catch in different positions. To get into 
the inner box an electron must pass through the opening in 
the outer box. Those that succeed in doing this flow off 
through a galvanometer, and the deflection of the galva- 
nometer is a measure of the rate at which they are being 
caught. 
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The method is one which with some slight modification 
might be used to find how bird shot are scattered by a pile 
of cannon balls. It is not in principle a method we would 
employ to investigate the scattering of light or of x-rays. 

In making observations the collector is moved about in 
front of the crystal, and curves are constructed showing the 
current received by the collector as a function of angle. 

Such a curve for angle of incidence 30 degrees and for 
bombarding potential 83 volts is shown on the right, and you 
see the sharp spur protruding from the curve exactly in the 
direction of regular reflection. You will want to know about 
the electrons leaving the crystal in other directions. Well, 
those are, almost all of them, low-speed secondary electrons— 
while the electrons responsible for this spur have, most of 
them, the same speed as the incident electrons. 

There is no doubt that the incident electrons recognize 
the surface of the crystal, and prefer to move off in the 
direction of regular reflection. 


The next experiment I shall describe is more simple even 
than the first. We direct a stream of electrons against a 
target of ordinary nickel—a target made up of many small 
crystals instead of one large one—and we never under any 
circumstances find any indication of regular reflection. Elec- 
trons are not regularly reflected from a target of ordinary 
polycrystalline nickel. 

It seems curious that electrons should be reflected only 
from a crystal-face—and then we remember that this is true 
also of x-rays. X-rays may be regularly reflected from the 
face of a crystal, but not from a polycrystalline mirror. The 
difference between light and x-rays in this respect is due, as 
we know, to a difference in order of wave-lengths. The 
lengths of light waves are great compared to the distance 
between atoms in solids while the x-ray wave-lengths are 
comparable with these distances. 

We may say then that both of these results—the regular 
reflection of electrons from a crystal-face and the absence of 


600 C. J. Davisson. [J. F. L 


method by which we detect the regular reflected beam supplies 
still another. The regularly reflected beam is found by mov- 
ing a small bucket about in front of the crystal and observing 
that more electrons are caught when the bucket stands in the 
direction of regular reflection than in any other. 
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A diagram of the experimental arrangement is shown in 
Fig. I. 

This arrangement of filament and box is an electron gun 
which supplies us with a steady stream of electrons. The 
speed of the electrons is under our control and can be given 
any desired value by maintaining a suitable potential differ- 
ence between the filament and the box. This stream is 
directed against the crystal, and electrons of various speeds 
move off in all directions from the bombarded area. 

To find how many are moving off in different directions 
we move the collector, which is really a bucket, and find how 
many electrons we catch in different positions. To get into 
the inner box an electron must pass through the opening in 
the outer box. Those that succeed in doing this flow off 
through a galvanometer, and the deflection of the galva- 
nometer is a measure of the rate at which they are being 
caught. 
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The method is one which with some slight modification 
might be used to find how bird shot are scattered by a pile 
of cannon balls. It is not in principle a method we would 
employ to investigate the scattering of light or of x-rays. 

In making observations the collector is moved about in 
front of the crystal, and curves are constructed showing the 
current received by the collector as a function of angle. 

Such a curve for angle of incidence 30 degrees and for 
bombarding potential 83 volts is shown on the right, and you 
see the sharp spur protruding from the curve exactly in the 
direction of regular reflection. You will want to know about 
the electrons leaving the crystal in other directions. Well, 
those are, almost all of them, low-speed secondary electrons— 
while the electrons responsible for this spur have, most of 
them, the same speed as the incident electrons. 

There is no doubt that the incident electrons recognize 
the surface of the crystal, and prefer to move off in the 
direction of regular reflection. 


The next experiment I shall describe is more simple even 
than the first. We direct a stream of electrons against a 
target of ordinary nickel—a target made up of many small 
crystals instead of one large one—and we never under any 
circumstances find any indication of regular reflection. Elec- 
trons are not regularly reflected from a target of ordinary 
polycrystalline nickel. 

It seems curious that electrons should be reflected only 
from a crystal-face—and then we remember that this is true 
also of x-rays. X-rays may be regularly reflected from the 
face of a crystal, but not from a polycrystalline mirror. The 
difference between light and x-rays in this respect is due, as 
we know, to a difference in order of wave-lengths. The 
lengths of light waves are great compared to the distance 
between atoms in solids while the x-ray wave-lengths are 
comparable with these distances. 

We may say then that both of these results—the regular 
reflection of electrons from a crystal-face and the absence of 
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such reflections from a polycrystalline surface—would be com- 
prehensible if electrons were trains of waves of wave-lengths 
comparable to distances between atoms in solids. 

Now it will be remembered that x-ray reflection is char- 
acterized by a marked selectivity. If a beam of monochro- 
matic x-rays is directed against acrystal face, the intensity of 
the beam reflected at a certain angle is very nearly zero unless 
the wave-length of the beam happens to lie at, or very near 
to, one or another of a series of discrete values. It is as if 
we had a mirror which would reflect red light of a certain 
wave-length and also blue light of a certain wave-length, but 
which would not reflect light of any of the intermediate 
wave-lengths. 

This suggests an interesting experiment. If electrons 
resemble x-rays in being reflected from a crystal, but not 
from a polycrystalline surface, do they also resemble x-rays in 
exhibiting selective reflection? We might expect, for example, 
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that if electron reflection is really like x-ray reflection it would 
be selective in speed of bombardment. Well, the astonishing 
thing is that it zs selective in speed. When we measure the 
intensity of the reflected beam as a function of speed of bom- 
bardment, we find that it passes through one maximum after 
another as the speed is increased. A curve exhibiting this 
behavior is shown in Fig. 2. 
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The ordinate is the intensity of the reflected beam, and 
the abscissa is the square root of the bombarding potential, 
which is proportional to the speed of the electrons in the 
incident beam. These observations are for angle of incidence 
ten degrees, and the curve on the left shows the reflected 
beam at the second maximum of the intensity curve. 

Now the selective reflection of x-rays is a phenomenon 
which is very thoroughly understood. In explaining it we 
make very definite and explicit use of the idea that x-rays 
are waves. In fact, the phenomenon supplies us with our 
most reliable means of measuring x-ray wave-lengths. It is 
very significant indeed that electron reflection resembles x-ray 
reflection in this particular respect. 
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Diagram illustrating the selective reflection of x-rays from a crystal. 


I shall take just a few minutes to review with you the 
theory of x-ray crystal reflection and the explanation of the 
selectivity. 
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When a beam of x-rays is incident upon a single layer of 
atoms as illustrated on the left in Fig. 3, the beam passes 
through the layer with only very slight diminution in its 
intensity. It does, however, set up forced vibrations in the 
atoms which it irradiates, and these send forth trains of 
spherical waves which are related in phase, and which combine 
to form a beam of waves moving off from the plane in the 
direction of regular reflection. The reflection of x-rays from 
a single layer of atoms is not selective. 

Selectivity develops when reflection occurs from a number 
of parallel layers of atoms such as we have in a crystal. The 
case is illustrated in the figure on the right. The reflection 
beams proceeding from the different layers are superposed 
and the resultant beam exhibits a strong intensity maximum 
when the elementary wave trains proceed from the crystal 
in phase as they do in the figure. The condition for such a 
maximum is clearly that the path-lengths from a plane AA 
to a plane BB via successive atom layers shall differ by a 
whole number of wave-lengths. This path difference is 
given by twice the distance between successive atom layers 
multiplied by the cosine of the angle of incidence, so that the 
intensity of the reflected beam is at a maximum when 


2d cos 0 = nÀ. 


The condition may be stated this way: The intensity of 
the reflected beam will be at a maximum when the wave-length 
of the incident beam has any one of the values 


A= = (2d cos 0), 


or when the reciprocal of the wave-length has any one of the 


values 
I I 


A "zd cos 6° 


Thus, if we plot the intensity of the reflected beam against 
the reciprocal of the wave-length, we should obtain a curve 
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characterized by a series of equally spaced maxima. What 
we should find is illustrated by the curve at the top of Fig. 4. 

In the lower half of the figure I show again, for comparison, 
the intensity of the electron reflection beam as a function of 
V12, the square root of the bombarding potential. 
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The maxima in the electron curve fall, as you see, at 
almost equal intervals. We may say; in fact, that we could 
understand electron reflection fairly well, including its selec- 
tivity, if electrons were waves of wave-length inversely pro- 
portional to the square root of the bombarding potential— 
inversely proportional, that is, to their speed. Apparently 
this would not be a perfect interpretation, for the maxima in 
the electron curve do not fall at exactly equal intervals. But 
it would do fairly well. 

Well, here we are almost on the point of calculating 
electron wave-lengths—knowing perfectly well that electrons 
are particles. It is time for us to take some definite stand in 
regard to this matter, and I propose that we hold to our 
knowledge that electrons are particles, but admit that they 
are behaving as if they were waves—at least, that we can 
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describe what we observe by pretending that they are waves, 
and that we do not see how the observations can be described 
in terms of particles. We take this point of view, and see 
how long it can be maintained. 


Now, when x-rays are scattered by a crystal, beams issue 
from the crystal not only in the direction of regular reflection, 
but in other directions as well. One way of understanding 
this is that the atoms in the crystal may be regarded as 
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arranged in planes parallel to the surface of the crystal, but 
that they may also be regarded as arranged in planes that 
are not parallel to the surface—and that as far as the x-rays 
are concerned one set of atom planes is just as good as another. 
The situation is illustrated in Fig. 5. 

If a beam of x-rays is incident upon a crystal face at angle 
6,, a regularly reflected beam issues from the crystal when the 
wave-length has any of the values 
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À 


V |m 


(2d; cos 8,). 


This beam is due to regular reflection from atom planes 
parallel to the surface and is ordinarily referred to as the 
Bragg reflection beam. But the atoms may also be regarded 
as arranged in other sets of planes as indicated in the other 
figures, and these also give rise to reflected beams. We find, 
for example, a beam issuing from the crystal in the direction 
of regular reflection from the atom planes shown in the second 
figure at the top when the wave-length has any of the values 


A= (2d, COs 02). 


Q |m 


Such beams are ordinarily known as Laue diffraction beams. 
We have seen that electrons resemble x-rays in being 
regularly reflected from the face of a crystal and in exhibiting 
selectivity. The question now is, do they also resemble x-rays 
in giving rise to diffraction beams. Well, as it happens, we 
observed these diffraction beams first—more than a year 
before we got around to looking for the reflection beams. 

It is not going to be so easy to describe these diffraction 
beams as it has been to describe the reflection beams; there 
are differences between the characteristics of the x-ray and 
electron diffraction beams from which one might think that 
after all electrons are really not so very good at passing them- 
selves off as waves. And yet we will find that these differ- 
ences can be explained in a reasonable way, and that the 
diffraction data lead to quite definite values of electron wave- 
lengths. In describing these experiments I shall try first to 
give you a clear idea of the conditions under which the 
observations were made, next what would have been observed 
had the experiments been made with x-rays, and finally what 
was actually observed with electrons. 

To begin with we shall need to understand the arrange- 
ment of atoms in the nickel crystal. Nickel forms crystals 
of the face centered cubic type. The unit of structure is a 
cube—3.51 A. on the edge—with an atom at each corner 
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and one in the center of each face. The large cube on the 
left in Fig. 6 is built up of 27 of these unit cubes. The only 
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atoms shown are those in the surface of the large cube. 
Henceforth I shall use this large cube as a symbol to represent 
the nickel crystal with which we began our experiments. 
We first cut through this structure at right angles to one of 
the cube diagonals, forming the triangular faces shown in the 
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central figure. A beam of electrons was then directed against 
this face at normal incidence, as indicated in the figure on the 
right, and measurements were made of the number of electrons 
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leaving the crystal as a function of direction and of speed of 
bombardment. 

The experimental arrangements for making these measure- 
ments are indicated in Fig. 7. The collector could be moved 
about in a single plane—the plane of the drawing and the 
crystal could be rotated about a vertical axis so that any 
azimuth of the crystal could be brought into the plane of 
rotation of the collector. 

It is clear that the crystal has a three-fold symmetry. 
If we find a beam issuing from the crystal when one of the 
apexes of the triangle is in the plane of the collector, we will 
expect, of course, to find a similar beam when the crystal 
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has been turned through 120° to bring another of the apexes 
into the collector plane, and again when it has been turned 
through 240 degrees. We will call the azimuths of the 
crystal that include the apexes of the triangle the A-azimuths; 
those including the midpoints of the sides of the triangles the 
B-azimuths; and those parallel to the sides of the triangle 
the C-azimuths. 
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In Fig. 8 we show a cross section of the crystal through 
the plane of the A—B-azimuths. The circles represent lines 
of atoms extending through the crystal at right angles to this 
plane. The crystal may be regarded as built up of planes 
of atoms lying parallel to the surface of the crystal. The 
distance between these planes is 2.03 A., and the distance 
between the lines of atoms in each plane is 2.15 A. It will 
be noticed that the lines of atoms in a given plane are not 
directly below the lines of atoms in the next higher plane, 
but are shifted to the right by an amount equal to one-third 
of the distance between lines. 

The crystal is now sufficiently specified to enable us to 
calculate the wave-lengths and positions of all the x-ray 
diffraction beams that can appear in the A- and B-azimuths. 
Thus, the atoms may be regarded as arranged in planes as 
shown in the upper left-hand diagram in Fig. 9. The distance 
between the successive atom planes is 1.24 A. The angle of 
incidence is 35 degrees, and an x-ray diffraction beam will 
issue from the crystal in the direction 0’ = 70 degrees when 
the wave-length has any of the values 


2.87 A 


I I | Oo) _ 
z (24 cos 0) = = (2 X 1.24 X cos 35°) = n 


The three A-azimuth beams shown in the upper diagrams 
are the three for which the modulus (2d cos @) has the greatest 
values, that is, they are the three A-azimuth beams of longest 
wave-length. Those shown below are the three B-azimuth 
beams of longest wave-length. What we need to get from 
this figure particularly is that as the wave-length of the 
incident x-ray beam is decreased from some large value diffrac- 
tion beams appear in the following order: first, a beam at 70 
degrees in the A-azimuth; next, a beam at 59 degrees in the 
B-azimuth; then, a beam at 44 degrees in the A-azimuth, 
followed by a B-azimuth beam at 39 degrees. 

This is what would occur if the incident beam were a 
beam of x-rays—and from what we have seen of the regular 
reflection of electrons from the atom planes lying parallel to 
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the surface it seems not unreasonable to expect that at par- 
ticular speeds of bombardment electron beams will be found 
issuing from the crystal in these same directions. Well, 
electron beams issue from the crystal in its principal azimuths 
at certain critical speeds of bombardment, but they do not 
coincide in directions with any of these principal Laue beams. 
They appear not to be regularly reflected from any of the 
principal planes of atoms. 

As the speed of bombardment is increased from zero the 
first of these beams appears in the A-azimuth, not however 
at 70 deg. or at 44 deg. but at 50 deg.; and the second 
appears in the B-azimuth, not at 59 deg. or at 39 deg. but at 
44 deg. Curves for the first of these beams are shown in 
Fig. 10. The beam first appears at about 40 volts; it dis- 
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appears at 70 volts, and is most intense when the bombarding 
potential is 54 volts. In Fig. 11 we have the same beam in a 
weakened condition owing to gas adsorbed onto the surface 
of the crystal. The curve in the lower diagram was obtained 
by setting the collector in the axis of the beam at its maximum, 
and then measuring the collector current as the crystal was 
rotated. You see that there is a strong maximum in each 
of the A-azimuths, as, of course, there should be. 

The corresponding curves for the first beam in the B- 
azimuth are shown in Fig. 12. Maximum intensity is attained 
at 65 volts, with the beam at 44 deg. 
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Now there is an interesting possibility in regard to this 
discrepancy between the directions taken by the electron 
beams and those taken by the x-ray beams. It may be that 
the crystal should be regarded as a refracting medium for 
electrons—that is, as a medium characterized by an index 
of refraction different from unity. 

I shall take a few minutes to develop this idea. Let us 
imagine a beam of radiation incident normally on the surface 
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of a crystal of which the index of refraction is u. The wave- 
length outside the crystal is X, and inside is \’ = A/u. There 
is no change in direction as the beam enters the crystal and 
the beam of wave-length A meets a certain set of atom planes 
at angle 0 (Fig. 13). A regularly reflected beam moves off 
from these planes provided 


\’ = —(2d cos 6). 


2 
n 
This beam meets the crystal surface at an angle 26, but is 
refracted on passing through the surface and leaves the crystal 
in the direction 0’. The beam issuing from the crystal appears 


not to be regularly reflected from any of the principal atom 
planes. 
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And now I am going to ask you to follow through the brief 
mathematical deduction on the left in Fig. 13 as it leads to 
an interesting and important relation. We treat electron 
radiation as if it were light, and write u = AJ" = sin 6’/sin 20. 
Solving this for \’, we have N = J sin 26/sin 6’, but by Bragg’s 
law X’ = (2d cos 6)/n. Equating these expressions for \’, and 
solving for \, we obtain 


And writing in 2 sin 0 cos @ for sin 26 and eliminating 2 cos 6, 
this reduces to 
A= TE ) sin 6’. 
m\ sin 6 


But from the construction on the left of the diagram in Fig. 
13 we see that d/sin 0 is equal to D, the distance between 
adjacent lines of atoms in the surface of the crystal.* We 
have, therefore, 


a =1Dsin @. 
n 


This is an extremely useful relation, as it enables us to calcu- 
late the wave-length of a diffraction beam (provided we knew 
its order n) from the distance between lines of atoms in the 
surface of the crystal and the angle at which the beam 
emerges. We do not need to know with what set of atom 
planes a given beam is associated, and neither do we need to 
know the index of refraction of the crystal. 

The idea of regarding the crystal as a refracting medium 
for electrons is due to Dr. Eckart of the California Institute 
of Technology, although we had already assumed that the 
wave-lengths of diffraction beams could be calculated from 
this formula. 

We therefore apply this formula to the electron diffraction 
beams for which we have data. The distance between the 
lines of atoms lying normal to the A- and B-azimuths is 2.15 A. 
The beam which is observed in the A-azimuth when the 


* In general d/sin 0 = D/m, where m represents an integer. The conclusion 
is unaffected, however, by this circumstance. 
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bombarding potential is 54 volts lies at 6’ = 50 degrees. 
The wave-length of ‘'54-volt electrons” should then be given 
by | 
A = 2-15 sin 50° = 1.65, 

n n 
But since this is the first beam that appears in the A-azimuth 
it is certainly a first order beam, and therefore \ = 1.65 A. 
When we make a similar calculation for the 65-volt beam in 
the B-azimuth, we find \ = 1.50 A. 

That one can calculate the wave-length of a stream of 
electrons in a straightforward and simple way seems, of 
course, very surprising, and yet it is much less surprising 
today than it would have been, say, five years ago. During 
the last four or five years there has been a rapidly growing 
conviction that the principles of mechanics, in their various 
formulations, as we have known them, are really only first 
approximations to what we may call the true principles of 
mechanics. They are remarkably close approximations for 
most purposes—for the purposes of mechanical engineering 
and astronomy it is unlikely that they can be improved 
upon either for convenience or reliability—and yet there is 
the conviction that classical mechanics is in a sense a de- 
generate form of the true mechanics, and therefore of limited 
applicability. It is a first approximation to the true me- 
chanics applicable only in those cases in which the products 
of the momenta and linear dimensions used in describing the 
system are large compared to the Planck constant of action A 
—large, that is, compared to 10~* erg sec. We are to feel 
no hesitation for example in using classical mechanics in 
dealing with the mechanics of the solar system; the linear 
dimensions involved are of the order of the major axes of the 
orbits of the planets, the momenta involved are the momenta 
of the planets, and the products of these quantities are enor- 
mously great compared to the value of k. On the other hand, 
we are not to suppose that the approximate form of the true 
mechanics which is applicable to the solar system is applicable 
also to a system such as the Bohr atom. Here the products 
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of linear dimensions and momenta are not large compared to 
h. They are in fact of the same order as k, and laws of 
mechanics as we have known them are therefore of no service. 
They are of limited applicability, and do not apply in this case. 

This conviction has grown out of dissatisfaction with the 
ever-mounting artificiality of the Bohr atom model. as means 
for describing and correlating the data of spectroscopy. It 
has led to attempts in various quarters to discover or invent 
a new system of mechanics which will degenerate to our 
ordinary mechanics in the case of gross systems, but which 
will be applicable as well and without forcing to systems 
involving atoms and electrons. One of these attempts was 
made by L. deBroglie who put forward the idea, a little 
more than three years ago, that every mechanical phenomenon 
is in some sense a wave phenomenon—that every problem in 
mechanics is in a way a problem in optics—that in the 
rigorous solution of all such problems one must always concern 
himself with the propagation and interference of waves. This 
idea has been taken up with great enthusiasm by theoretical 
physicists, notably by Schroedinger, and has enjoyed a rapid 
and remarkable development. This development is known 
as the undulatory or wave theory of mechanics, and it gives 
promise of being perhaps the sorely needed true mechanics. 
It is yet in a state of flux—no one, I think, knows what its 
final form will be. Ideas regarding its form and interpreta- 
tion are constantly changing, and yet from its inception in 
the hands of deBroglie to the present time there has persisted 
the idea that a freely moving particle of momentum (mv) is 
equivalent to, or has associated with it, a train of waves of 
wave-length h/mv. Whether the particle is itself a group of 
waves—whether the waves are to be thought of as real 
physical waves such as we have supposed light waves to be, 
or whether the waves are purely analytical—a mathematical 
convenience only—no one, I think, knows. 

The development of this theory has so far been directed 
almost entirely toward giving us a new picture of the atom, 
and a new and less arbitrary set of rules for correlating and 
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interpreting the data of spectroscopy. Not so much atten- 
tion has been paid to aperiodic phenomena such as we are 
here concerned with, and yet a few months after we had 
begun our experiments, but more than a year before we had 
obtained any of the results I have described, the prediction 
was made by Elsasser in Germany that evidence for the wave 
nature of mechanics would be found in the interaction be- 
tween a stream of electrons and a crystal. 

Most of you know already, of course, that the electron 
wave-lengths obtained by the measurements I have been 
describing are in good agreement with the values of h/mv of 
this new theory of mechanics. We have 


A = h/m, 


and for electrons of moderate speeds such as we have used 
we have also 


where e represents the charge of the electron in electrostatic 
units and V the bombarding potential in volts. 
Eliminating the velocity v between these equations, we 


obtain 
2 1/2 1/2 
= (ine) (F) om 
me V 


The value of (h?/me)}/? differs from 1 X 107° by about 2 parts 
in a thousand so that to a close approximation 


_ (150 1/2 = 
n= (4) 107° cm. 


150 \)? 
= (y) A 


12.25 


7 yie ig 


or 


The value of h/m for electrons that have been accelerated 
from rest through a potential difference of 54 volts is 


12.25/(54)!2 = 1.67 Å., 
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which is in good agreement with the value 1.65 A. which we 
find by our measurements. For ‘'65-volt”’ electrons the 
theoretical wave-length is 1.52 A. and our observed value is 
1.50 A. 

We have made in all twenty or more determinations of 
electron wave-lengths. All of these values are plotted in 
Fig. 14 against the reciprocal of the square-root of the accel- 
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graph of the equation 

A = 12.25/ V12. 


If the experimentally determined wave-lengths agreed exactly 
with the values of k/mv, all of these points would fall accurately 
on this line. The departures are none of them greater than 
can be reasonably accounted for by the uncertainty of the 
measurements. We may say, I think, that in certain circum- 
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stances a stream of electrons of speed v behaves as if it were a 
beam of waves of wave-length A/mv, in accordance with the 
postulates of the wave mechanics. 

And now I would like to return for a few minutes to a 
further consideration of the regularly reflected beam. 

You will remember that we plotted the intensity of the 
electron reflection beam for angle of incidence ten degrees 
against the square root of the bombarding potential and 
obtained a curve characterized by a series of maxima at 


nearly equal intervals. 
FIG. 15. 
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We can now calculate the positions these maxima would 
occupy if the index of refraction of nickel for electrons were 
unity. We have 

I mv Vie | I 


-m ame eS, SO e 


Aà h 12.25 ” 3d cos 6" 


that is, we assume the wave-length of the electrons to be 
h[mv = 12.25/V!? and apply the Bragg formula to find the 
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values of V! at which the reflected beam should exhibit 
intensity maxima. Substituting for d and 0 their values, 
2.03 Å. and 10 deg., we find 


Vi? = n X 3.06. 


If the index were unity, the maxima should be found at 
these values of V12. These positions are indicated in Fig. 15. 

The observed maxima lie to the left of the calculated 
positions, the displacement decreasing, however, toward the 
higher orders. This is the type of displacement to be expected . 
if the index of refraction of the nickel for electrons is greater 
than unity. We can in fact use these displacements to calcu- 
late values of the refractive index. The more general form 
of the Bragg formula applicable to the case in which the index 


is not unity is 
12.25 
Viz = Nn aaas . 
(z — sin? y) 


Using this formula and the data now available, we have 
indices of refraction for electrons of various speeds and these 
are plotted in the lower diagram in Fig. 15. The values 
indicated by circles are from the observations at ten degrees 
incidence, and the others are from observations at other angles. 

We see that the index approaches unity as the speed of 
the electrons is increased; that is, the results indicate that the 
purely geometrical differences between the reflection and 
diffraction of x-rays on the one hand and of electrons on the 
other disappear for electrons of high speed. That this is 
true is evident from the very interesting experiments recently 
reported by Prof. G. P. Thomson of the University of Aber- 
deen who has studied the diffraction of beams of high-speed 
electrons (15,000 to 60,000 volts) by extremely thin metal 
foils. What Prof. Thomson observes is that electrons of 
these speeds are diffracted by the polycrystalline metal in 
the way familiar to us in the powder method of x-ray dif- 
fraction devised independently by Hull, and Debye and Scher- 
rer. The cross-section of the transmitted beam consists of a 

VoL. 205, No. 1229—43 


622 C. J. Davisson. [J. F. I. 


central spot surrounded by a number of concentric rings. 
These rings seem to correspond exactly to the rings that 
would be observed if the incident beam were a beam of x-ray 
of wave-length equal to hk/mv. For electrons of such high 
speeds the index of refraction of metals is apparently very 
nearly unity. 

Are electrons waves? The easiest way of answering this 
question is to ask another. Are x-rays waves? If x-rays are 
waves, then so also are electrons. But we are no longer so 
certain as we used to be that x-rays are waves. The Compton 
effect and the photoelectric effect are most simply described 
by supposing that there is some sense in which x-rays are 
particles. 

It is all rather paradoxical and confusing. We must 
believe not only that there is a certain sense in which rabbits 
are cats, but that there is also a certain sense in which cats 
are rabbits. 

I would not have you think, however, that confusion in 
these matters is universal. There are plenty of theoretical 
physicists to whom these matters are not at all confusing. 
I am sure that Professor Swann here would not admit to the 
least confusion. I may cite also Professor C. G. Darwin of 
the University of Edinburgh. In a recent article on this 
subject Prof. Darwin writes: 

“The central difficulty of the quantum theory has always 
been the conflict between waves and particles. On the one 
hand, we have the theorems of conservation of matter, energy, 
etc.; these tell us that matter keeps together, and endow a 
particle or a quantity of energy with individuality, so that 
we can trace its history. On the other hand, we have the 
theorems of interference—of light and now of matter as well, 
which as definitely tell us that the things which we before 
regarded as particles must spread, and so must lose their 
individuality. The recent work of Bohr explains, at any 
rate in outline, how the apparent contradiction is to be 
reconciled. The two lines of thought are not contradictory, 
but complementary. They do not come into conflict because 
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they never meet. To verify conservation we must obviously 
have an enclosed system, and this excludes observation of 
what happens in the enclosure. If nothing is observable, it 
is only proper to say that nothing 1s happening; the system is 
settled into a spaceless and timeless stationary state outside 
our intuitions. On the other hand, if we want to observe 
what happens, we must make a hole in the enclosure and see 
what leaks out. By the very act conservation is destroyed, 
but in exchange we get interference phenomena, and these 
introduce geometry and so a connection with space and time. 
This very inadequate description shows that we are entitled, 
when we want to discuss happenings in space and time, to 
make full use of the wave theory and to pay no attention to 
the conservation difficulties, because in fact these do not 
arise.” 
As you see, it is really all very simple. 
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The Magnetic Anisotropy of Crystalline Nitrates and Carbo- 
nates. K. S. KRISHNAN AND C. V. RAMAN. (Proc. Roy Soc., 
A 772.) The connection between the crystalline structure of solids 
and their magnetic properties has recently been accentuated. In 
this paper the authors discuss the lack of magnetic symmetry in 
certain nitrates and carbonates that are diamagnetic. ‘“‘These 
substances are especially simple because as is well-known from 
the work of Kossel, Bragg, and others, they consist of charged ions 
held together by electrostatic forces, so that we can attribute the 
magnetic anisotropy of the crystal to that of the individual ions. 
Thus, for instance, in the case of sodium and potassium nitrates 
we may reasonably look for the explanation of observed magnetic 
anisotropy of the crystal in the structure of the nitrate ion, since 
presumably the metallic ions are more or less isotropic.” NaNOs 
and CaCO; both belong to the trigonal system. In both the 
magnetic susceptibility is greater parallel to the trigonal axis than 
perpendicular to it. For the nitrate the susceptibilities in the two 
directions are 29.5 and 24.1 X — 108; and 40.6 and 36.4 X — 10%, 
for the carbonate KNO; and CaCO; (aragonite) are both rhombic 
and show the greatest susceptibility parallel to the “c” axis. 

Making use of data on magnetic double refraction, on the 
optical constants of the molecules, and on the depolarization of 
scattered light the authors calculate the directional difference of 
the susceptibilities of the two nitrates and find them to agree 
quite well with the measured values. In the NO; group there 
are three oxygen atoms at the corners of an equilateral triangle, 
the nitrogen atom being at the center. 

It will be recalled that Prof. Raman, F.R.S., attended the 
centenary of The Franklin Institute in 1924. G. F. S. 
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THE very title of my address to-night, and the fact that 
I should have been invited to deliver it before a body primarily 
interested in scientific rather than industrial problems, is 
indicative of something exceptional about the aéronautical 
industry. When we talk of aéronautical engineering we 
impart to the specific adjective a subtle force which implies 
that the engineering of aircraft is definitely set apart from we 


any other branch of the profession. We suggest that it ~~ 
possesses, as aéronautical engineering, an individual sig-- ~ 
nificance, a degree of separatism, which we do not attach to 
the engineering of machine tools or automobiles or hydraulic 
turbines. If we find. the reasons for that special position, we 
approach very near to the heart of the profession’s problems. 
The sub-division of the engineering profession, which 
began when the military and the civil engineer recognized 
that their interests did not run on lines universally parallel, 
has in general proceeded through the definition of very 
general classes of employment. To define a professional man 
as a mechanical engineer is scarcely more specific than to 
say that he is a doctor and a specialist without declaring the 
nature of the specialty. Electrical, chemical, and civil engi- 
neering are equally broad. Each is rather a term descriptive 
of a type of training than an identification of a specific 
employment. 
From that rule of generality in sub-division there are 
only a few exceptions, and they do not exist without reason. 
I have in mind now a leading engineering school which offers 
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1 Presented at the Annual Meeting of the Institute held Wednesday, January 
18, 1928. 
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approximately a dozen distinct professional curricula. Of 
the number there are but two which are addressed specifically 
and narrowly to a single industry. Aëronautical engineering 
and naval architecture are the select pair, and their selection 
to the eminence of separate treatment is not an exclusive 
eccentricity of one institution. 

If we assume that it is something more than mere chance 
which leads to the picking out of the aircraft and shipbuilding 
industries as inviting a special and individualized course of 
preparation for their technical men, we may search for the 
motives behind the choice. Very obviously, despite the fact 
that the engineering of aircraft has been the object of extended 
special study by professional men for but little more than a 
decade, while the design of ships in the light both of research 
and of the empirical application of knowledge gained through 
experience has been practiced for centuries, there is much in 
common between the two. Both marine and aëronautical 
engineering involve the penetration of a fluid as their most 
fundamental problem. Both depend upon the screw propeller 
for propulsion through a yielding medium. Both involve 
serious and similar, although by no means identical, problems 
of stability and of control. In both cases the reduction of 
structural weight is a consideration of importance, although 
of far more trivial significance in the design of a ship than in 
that of an aircraft. In both instances it is indispensable that 
adequate strength should be secured, despite the fact that the 
forces acting can be determined only with extreme difficulty. 
Structural failures in stationary machinery, or even in 
terrestrial vehicles, may be productive of danger or they may 
involve nothing but annoying delay and the expense of 
repairs, but in a ship or an aircraft, as in a bridge or a building, 
the results of a collapse of a major element of the structure 
are almost inevitably catastrophic. Bridges and buildings, it 
is hardly necessary to remark, are virtually immune from 
limitations upon weight, but in airplanes, at least, the factor 
of poundage almost transcends all other considerations in 
design, and the problem of the engineer is correspondingly 
complicated and specialized. 
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Equally noteworthy with the points of kinship between 
marine and aéronautical engineering in their application to 
the design of the craft are the similarities in the problems of 
operation and of navigation upon the surface of the sea and 
in the air. The mariner and the aviator alike pursue their 
careers in elements other than the normal abode of earth- 
dwelling man. Starting with a common understanding of 
mysteries obscure to the landsman, they find themselves 
drawn together by sympathetic bonds which go far to explain 
the facility with which the airplane has been absorbed into 
the naval organization. 

No less striking than points of substantial identity between 
the work of the naval architect and the airplane designer, 
however, are those of dissimilarity and contrast. The im- 
portance of research upon fundamental principles and of the 
acquisition in the laboratory of quantitative data antecedent 
to the making of practical trial upon the finished structure 
in the field is enhanced in the case of aircraft by the awful 
sharpness of the line of demarcation between success and 
failure. It may be doubted if any professed practitioner of 
the art of ship design since the days of Robert Fulton, given 
a power plant which was capable of turning itself over, has 
either built a vessel which would not float or one which was 
totally unable to move along the surface of the water, but the 
years that have passed since total failure of a new airplane to 
leave the ground was quite in the commonplace order of 
things are but a handful. The margin of performance in 
present-day aircraft is so large that the specter of inability to 
rise into the air has ceased to haunt even the most in- 
experienced designer, but in the early days it was a very 
easy matter, if preliminary application of the results of 
research were neglected, to let the overall efficiency of the 
craft slip below the critical point at which flight became 
possible. 

To that more than to anything else has been due a sub- 
stantial modification of the relative place of empirical and 
rational methods in the development of the airplane, as 
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compared with other mechanical devices. It has been the 
usual rule, notably exemplified in the history of the auto- 
mobile, that a beginning is made with mechanical ingenuity 
and invention immediately incorporated into design, that 
progress is had for a considerable period by practical trials 
and by the devising of a series of expedients to remedy the 
things that go wrong, and that it is not until much later 
that intensive and systematic research comes upon the scene 
as the guardian angel over further development. 

With the airplane, research has been ever present, from 
the very beginning and before. The most serious students 
of the problem before that December day twenty-four years 
ago when man first flew began their studies not by the con- 
struction of an airplane, but by the building of a wind tunnel 
or a whirling arm where preliminary studies could be patiently 
conducted. From that winter’s day at the beginning of the 
century when history was made upon the isolated barrier 
beach of North Carolina down to the present, if the family 
tree of the finished product upon the flying field be traced, it 
would be found to have its roots in the laboratory. Aëro- 
nautical engineering is directly and explicitly a branch of 
physical science, perhaps more vividly so than any other 
phase of engineering work, and it is necessary to approach 
any analysis of the present status of the aircraft engineering 
art from a clear understanding of that governing fact. What- 
ever else a successful airplane may or may not be or do, 
it must accord with aërodynamic fundamentals, and the 
magnitude and distribution of the immensely complex reaction 
of the air upon the structure moving in the fluid must ever 
be the primary consideration in design. 

Not only was laboratory study the stay to which the 
newly developing art of airplane design clung for support and 
guidance in the weakling days of its infancy, but it has 
continued the dominant factor to an extent far larger than 
is commonly appreciated. 

It is a common case that a mechanical art in its evolution 
pursues a cyclic course oscillating between two more or less 


May, 1928.] NAVAL AND COMMERCIAL ATRCRAFT. 629 


distinct sources of inspiration to progress. The improve- 
ment in detail resulting directly from pure research and the 
mechanical invention which often grows directly out of 
laboratory study or mathematical analysis, but involves 
something more as well, alternately claim the principal rôles. 
Research increases the fertility and productivity of ground 
already discovered, but it must be supplemented by the 
inventive faculty to move out into entirely new territory. 
Research upon frictional forces and their variations could 
increase the stopping power of the brakes of an automobile 
and the ease of applying them, but the placing of brakes 
upon four wheels instead of two involved not merely such 
studies as those, but also new problems in design, making 
exacting demands upon the mechanical ingenuity of the 
designer. The conception of the change presented the obvious 
possibility of great improvement in braking performance, but 
opened up, too, the vista of a whole new field of research, and 
laid upon the student of fundamentals and the laboratory 
worker a new responsibility which must be met before the 
theoretical possibilities of the new system could be realized 
in practice. 

That example has been taken as a convenient and a 
universally familiar one from a non-aéronautical field. It 
would not be so simple to find one generally known within 
the recent experience of the aéronautical engineer, for in- 
vention, although by no means entirely lacking from the 
development of the airplane, has been of comparatively 
secondary importance there for a number of years. In all 
its fundamentals the heavier-than-air flying craft is today 
what it was fifteen years ago, the most striking change 
having been in the elimination of external structural bracing 
and the use of self-contained wing structures on a considerable 
number of machines. New structural materials have been 
introduced, such improvements in detail as the use of brakes 
and hydraulic shock absorbers have been made, and new 
methods of construction have appeared, themselves largely 
the result of research work on stress distribution, secondary 
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stresses, and metallurgical phenomena. The typical plane, 
however, has in 1928 an arrangement of wings, a shape of 
body, and a power plant location, a group of tail surfaces, 
and a landing gear, all very similar in their superficial and 
external appearance to those of 1914. It has recently been 
remarked by a distinguished aëronautical engineer in a certain 
European country that the training machine which was 
standard in that country thirteen years ago still bears the 
aspect of a good up-to-date design, and with a modified 
power plant is still in regular use, and he suggests that despite 
the novelty of the aëronautical art and the solicitude with 
which governments everywhere have fostered its development, 
a thirteen-year-old airplane is far less obviously obsolete 
than a thirteen-year-old automobile. 

The entire validity of that observation might be open to 
dispute, but it possesses at least enough truth to be very 
suggestive, especially when considered in conjunction with a 
comparison of the relative quality of the performances of 
the machine in 1914 and of that of the present day. During 
that period records have been doubled and more than doubled. 
However slightly it may show itself in the principal externals 
of appearance, the improvement has been vast, and it has 
not been due primarily to striking innovations, but to steady 
progress in matters of detail as a result of patient and 
systematic study into the physical phenomena upon which 
design rests. Thirteen years ago, for example, but little was 
known about the magnitude of the total load on an airplane 
structure in maneuvers, and still less about its distribution 
over the surface of wings and tail. What information did 
exist on that point was the result of speculation and mathe- 
matical analysis, rather than of any direct measurement. 
The structure of an airplane being enormously complex and 
redundant, a further set of assumptions of uncertain reason- 
ableness had to be made to determine the magnitude of the 
stresses which would be imposed in individual members by 
the assumed loads, and when that had been done uncertainty 
entered from a third point of the compass, for students of 
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structural theory had not at their command any adequate 
means of determining the strength of a member of more or 
less irregular form or of a complex assembly of thin metallic 
sections intermittently and partially stayed and subjected to 
a combination of bending, shearing, and compressive or 
tensile loads. 

Eighty per cent. of all of those difficulties have been 
overcome. Loads have been measured in flight and the 
mode of their distribution analyzed, and aircraft stress analysis 
has made enormous strides from the points of view both of 
determining the loads in the individual members and of 
calculating the strength which they can be expected to 
manifest. Structures are lighter and more efficient and are 
proving more reliable under strains of a severity undreamed 
of even at the beginning of the present decade, and the 
progress that has been made in the theory of design is 
chargeable to the continuous labors and effective coöperation 
of the mathematician, of the metallurgist, and the research 
worker conducting free flight tests in conjunction with his 
studies of aërodynamic principles in a laboratory. 

The dependence upon research has been universal and 
every successful design shows its influence, but the designer 
has sometimes made contact with the research establishment 
only at second or third hand, and has absorbed the results 
without fully realizing whence they came. It is a distinct 
need of the hour that that should cease to be so, and that 
the engineer and the research worker should be brought into 
closer liaison. However well qualified an aëronautical engi- 
neer may be in the making of stress analysis according to a 
standardized system, he is not fully competent unless he has 
a clear understanding of the processes whereby the load 
factors and allowable stresses given him in a specification 
were arrived at and of the nature of the free flight and 
laboratory experiments employed in their derivation. 

The obligation is bi-lateral. Neither designer nor experi- 
menter can do his work effectively if he isolates himself in a 
compartment proof against sound or sign of what is going on 
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in the outside world. The student of research ought to be 
familiar with the air from personal experience and to have a 
personal and direct acquaintance with the practical necessities 
that confront the designer or constructor of airplanes. Often 
in the past the two have been far apart, without recognition 
of the reality of their mutual dependence. It is the responsi- 
bility alike of those now engaged in aëronautical work on 
their own account and of teachers preparing the engineers 
and experimenters of the future to see that no such state of 
affairs shall henceforth exist, either in the largest industrial 
unit or in the smallest. Liaison is best assured when the 
industry is doing some research work on its own account, 
and the fact that the field has been one of great government 
interest is no adequate excuse for failure on the part of an 
airplane manufacturer to carry on his own experiments and 
to gain within his own organization some information which 
will ultimately become a contribution to the general stock of 
knowledge of the fundamental science. There are note- 
worthy examples even now of the direct participation of the 
aircraft industry in research. They should be multiplied. 
One may well feel some diffidence about assuming the 
rôle of the prophet in anything relating to aviation, but | 
believe myself quite within bounds of safety in expressing 
confidence that systematic research will continue as important 
in the future as in the past. Furthermore, I am confident 
that its importance will be, as it deserves to be, more and 
more fully recognized. It would not do to ignore or deny 
the possibility of invention producing a fundamental modi- 
fication in the whole mode of operation of heavier-than-air 
craft, but whatever happens, the laws of aërodynamics will 
remain unchanged and will continue to govern the behavior 
of every machine that flies, however the details of its means 
of propulsion and of support might be changed. Anything 
may happen, but for myself I am not among those sanguine 
spirits who expect to see the airplane as we now know it 
displaced by some radically different machine capable of 
vertical ascent or descent, or other valuable novelties of 
performance. Such devices deserve the most serious con- 
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sideration and examination and they may well prove of great 
usefulness in certain employments, but they are subject 
to fundamental difficulty in that they all involve some 
continuously moving parts within the structure. A rigid 
structure can be designed so that its chance of collapse is 
infinitesimal, but as soon as bearings and moving parts are 
introduced, even with the most careful design and the most 
watchful maintenance, there exists the chance for something to 
go wrong. If upkeep is as slack as it is likely to become in the 
hands of the average private owner, that chance is magnified. 
It is precisely because they necessitate continued operation 
of a number of working members that airplane engines 
sometimes fail, and if the aérodynamic elements of the craft 
involve moving blades and bearings and pivoted connecting 
links, the possibility of failure is no longer limited to the 
power plant. The great beauty of the existing type of 
airplane is that its minimum condition of safety is merely 
that a rigid structure shall hold together and that three sets 
of control surfaces shall continue to swing freely on hinges as 
simple as those of a door. Given those conditions, the 
engine can stop, or any part of its structure can break, and 
the shaft can seize. It can even blow up entirely and part 
of it fall to the ground, and yet the pilot can make a safe 
descent. Tocomplicate the structure is to make the minimum 
conditions of safety less simple and sure, and it is because 
most of the proposals for radical modification in the funda- 
mental method of operation of heavier-than-air craft are 
suggestions for increasing complication and for introducing 
new working parts that I view them as a whole with a con- 
siderable skepticism. 

All airplanes are subject to the same general laws. Per- 
formance is calculated for all in the same fashion, and all 
machines in practical service at the present time depend upon 
the same means of control, yet those points of universal 
similarity do not imply a standardization of practice in 
design. The evolution of the airplane has been via research 
programs of which most of the elements applied in some 
degree to the design of every conceivable type of machine, 
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but it has been an evolution of constantly increasing functional 
specialization in design and increasing differentiation of types 
with difference of intended purpose. 

The quest for a universally applicable formula, for a 
hard and concrete statement of what is “best” in design, 
has been persistent and unavailing. One of the many com- 
mittees which investigated the aëronautical activities of the 
government of the United States made a special effort to 
secure some sort of a “yardstick” whereby statesmen com- 
paratively uninstructed in the purely technical aspects of 
aviation could rate the merits of aircraft, but the effort was, 
and would be likely always to be, in vain. What is best 
depends upon the end to be accomplished. Neither mono- 
plane nor biplane has proven itself definitely and generally 
superior to the other. Machines with external bracing have 
neither driven from the field, nor been overcome by, those 
with the structure contained within the wings. Airplanes 
with one engine and those with two engines and those with 
more exist side by side. The problem of aéronautical engi- 
neering is the adaptation of complex physical phenomena in 
such a way as to extract from them the maximum of advantage 
under a given set of circumstances, while at the same time 
remaining within the bounds of certain definitely imposed 
mechanical limitations. Both the circumstances and the 
limitations are defined by the nature of the work which the 
aircraft is to do. 

The problem is essentially one of analysis and classification 
of the requirements to be met. In commercial aviation, 
silence, ample cargo space within the body of the craft, and 
passenger comfort impose their restrictions upon the will to 
follow to their ultimate degree the suggestions of aérodynamic 
and structural theory. In naval operation and so in the 
engineering of naval aircraft the special sources of perplexity 
ever present are the need for seaworthiness and the limitation 
on space. 

If airplanes are to be of the broadest utility in naval 
affairs, they must travel on shipboard, for those aérodynamic 
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laws before which obeisance has already been made as the 
arbiters of our destinies impose inexorable limitations upon 
the range and the period of endurance of mechanical flight. 
Airplanes have crossed oceans, but to be able to go out and 
make the same flight in any weather and carrying a military 
or commercial load is quite a different matter, and there is 
not, nor is there any prospect that there soon will be, capacity 
in any heavier-than-air craft to accompany a fleet and be 
able to participate in all naval operations while remaining 
continuously on the wing. The base from which flight is 
started and at which it terminates must be either on shipboard 
or on the surface of the water. The airplane must go to the 
ship, and not only does the deck of a vessel offer a grievously 
restricted landing field, but every cubic foot of storage space 
in the hold is jealously prized. The aéronautical engineer 
applying himself to naval problems has to produce airplanes 
fitted for every type of service that they may be called upon 
to render in the military organization on shore, approximating 
as Closely as possible to the best characteristics of performance 
that could be attained if operation were free from any special 
restriction. They must, however, at the same time provide 
in performance characteristics and in structure for the ability 
to be projected into the air and to be landed again within 
the confines of the deck, and the overall dimensions must be 
kept exceedingly compact so as to render possible the storage 
of a maximum number of airplanes within the cramped 
confines of a hangar deck on a ship. Aéronautical engineering 
practices in the Navy and in commerce have diverged enough 
by reason of the peculiarities heretofore mentioned to cause 
the production of specialized machines of strikingly dissimilar 
appearance. They remain fundamentally one and the same, 
dependent on the same principles and the same researches. 
They may best be practiced, with both technical and industrial 
profit, within the same organization, the members of which 
have proceeded from a firm grasp on sound first principles to 
a secondary, although no less important, study of the separate 
and somewhat variant experiences and needs of the multi- 
tudinous types of aérial operations now practiced. 
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Manufacturers Recommend Tolerances for Certain Medicinal 
Tablets. The Contact Committees of the American Drug Manu- 
facturers Association and the American Pharmaceutical Manufac- 
turers Association have submitted to the Food, Drug and Insecticide 
Administration, United States Department of Agriculture, their 
fourth report containing recommendations for tolerances on certain 
medicinal tablets. They have indicated the degree of accuracy 
within which properly manufactured medicinal tablets can be made 
under present-day manufacturing methods. 

This report covers recommendations on eleven compressed 
tablets and includes recommended methods of analysis. The 
tolerances suggested by the combined Contact Committees for the 
compressed tablets mentioned are as follows: 


Acetohenetidin.s. 23005 sscehsdereadees sackets 7% per cent. 
Acetylsalicylic Acid... ...... 0... cece eee ee eee 1, ns 
Ammonium Chloride..................6. Meee e 
Hexamethylenetetramin................00000- 6“ “ 
Potassium Chlorate. ......... 0... c cece eee ees 6 “ “ 
Potassium Iodide... ........ 0... c cee cee ees BG AS! 
Potassium Permanganate................0008- 6 “ “ 
Quinine Sulphate .4..4-35)4.4nnocesShee wh eawes 9 “ “ 
Sodium Bicarbonate............0. 2.000 cece ees a 
Sodium Salicylate........... a d ene Are nE aa 9 "e u 


The proposed standard for Chloramin-T tablets is that they 
shall contain active chlorine corresponding to 10.3 per cent. to 
14.3 per cent. of the labeled amount of Chloramin-T. 


INSTRUCTION ON THE MAKING OF POTASSIUM- 
HYDRIDE PHOTOELECTRIC CELLS. 


BY 
WAYNE B. NOTTINGHAM, M.A., B.S. 


Bartol Research Fellow. 


BARTOL RESEARCH The photoelectric cell is fast becoming an 
FOUNDATION indispensable unit in the modern laboratory, 

Communication No. 23. 4nd, although there are some cells to be had 
on the commercial market, they may not always satisfy the 
particular physical or electrical requirements of special appli- 
cations. In answer to just such a need, this laboratory has 
developed a method by which photoelectric cells of high 
sensitivity can be made. There is, we think, nothing unique 
in the method and there may be other ways which we have 
not thought of which are better. All that we claim for the 
following instruction is that it describes in detail a procedure 
by which photoelectric cells can be easily produced in the 
laboratory with a fairly high degree of certainty that the cells 
will turn out successfully and be reasonably uniform in their 
sensitivity. 

In the most general terms, the method usually followed in 
the production of this type of photoelectric cell is as follows: 

(1) The cell is designed and constructed carrying two elec- 
trodes, the ‘‘outside’’ electrode connecting to the light- 
sensitive surface, and the ‘‘central’’ electrode, which is the 
collector of the electrons. 

(2) The tube is connected to a suitable vacuum system, 
evacuated, and baked out at high temperature. 

(3) The potassium is distilled in “vacuum” through part 
of the system and condensed on the surface of the cell. 

(4) Hydrogen is then introduced to suitable pressure and 
a glow discharge is operated between the ‘‘outside’’ and the 
“central” electrodes until the potassium-hydride surface so 


produced shows the maximum sensitivity. 
VoL. 205, No. 1229—44 637 
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(5) The hydrogen is then pumped out and argon is intro- 
duced to give maximum sensitivity. 

(6) The cell is then sealed off and is ready for use. All of 
this can be found in the literature.! The intention of the 
following instruction is simply to show one method by which 
these generalities can be reduced to the specific case for the 
benefit of those who are not specifically interested in the study 
of photoelectric cells as such, but are interested in using 
them as a laboratory instrument. 

PREPARATION. 


1. Photoelectric Cell. 


The design of the cell depends on the type of work in 
which it is to be used, and therefore the specifications given 
here are to be taken simply as an example embodying many of 
the requirements common to all cells. The dimensions in cm. 
are given in the sketch in Fig. 1. 


Fic. 1. 


DESIGN OF PHOTOELECTRIC CELL 
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SECTION AT AA Sioe View 


Features of the design shown here which might escape 
one’s notice are called to attention in the following, and the 
reasons for their incorporation are given. 

The cell should be made of Pyrex glass because it will 
withstand more heating in the presence of potassium without 
becoming brittle than other kinds. The connection (4) with 
the vacuum system and potassium still, should be made on 
the neck of the tube because in the distillation process it is 
necessary to keep the bulb cool. The “pocket” (P) at the 
entrance to the cell is provided in order to catch the liquid 


1H. E. Ives, Bell System Technical Journal, 5, 320-335 (1926). 
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potassium after it passes through the capillary (C). The 
metal is heated in this pocket and passed into the cell as a 
vapor. If liquid metal is run directly into the hot cell, there 
will be the danger that it will break the glass due to the sudden 
chilling. If the potassium vapor instead of the liquid metal 
is run through the capillary, the distillation process will be 
found to be unnecessarily difficult as well as tedious. The 
space of 3.5 cm. between the pocket and the bulb is provided 
in order to make room for the air cooler to keep the bulb cool 
and to give space for the asbestos shields placed there to 
protect the bulb from the flames used in the distillation. 
See Fig. 6. 

During the distillation, this part of the tube is kept at a 
temperature of about 300° C. by an electric heater which must 
be wound on before the cell is fastened to the vacuum system. 
The exact specifications of this heater are given below. 

Depressions for Guard Rings.—lf the cell is to be used with 
a sensitive electrometer where steps can not be taken to keep 
the cell in a very dry atmosphere, guard rings will be found 
necessary. Fifty to one hundred turns of No. 30 bare copper 
wire wound in the depressions (1) and (2), shown in Fig. 1, 
reduce the leakage current to a satisfactory value. The 
guard ring at (1) will usually be found sufficient if it is con- 
nected to “earth” along with the positive side of the battery 
and the shield of the electrometer. In case there is an 
electrometer deflection due to the potential of the voltaic cell 
set up between the copper ring and the tungsten seal of the 
central electrode over the surface of the glass, this can be 
greatly reduced by winding a second copper ring in depression 
(2) and connecting this one to the central electrode. The 
best way to support the cell when it is in use is by means of a 
band fitted around the guard ring at (1). 

Location of the Outside Electrode-——The outside electrode 
(D) should be placed so that it is at the bottom of the cell when 
itis mounted on the system. The excess potassium will then 
flow around the nickel ring fastened to the tungsten seal and 
thus insure perfect contact between this lead and the po- 
tassium coat. 
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(5) The hydrogen is then pumped out and argon is intro- 
duced to give maximum sensitivity. 

(6) The cell is then sealed off and is ready for use. All of 
this can be found in the literature.! The intention of the 
following instruction is simply to show one method by which 
these generalities can be reduced to the specific case for the 
benefit of those who are not specifically interested in the study 
of photoelectric cells as such, but are interested in using 
them as a laboratory instrument. 

PREPARATION. 


1. Photoelectric Cell. 


The design of the cell depends on the type of work in 
which it is to be used, and therefore the specifications given 
here are to be taken simply as an example embodying many of 
the requirements common to all cells. The dimensions in cm. 
are given in the sketch in Fig. 1. 


Fic. I. 
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Features of the design shown here which might escape 
one’s notice are called to attention in the following, and the 
reasons for their incorporation are given. 

The cell should be made of Pyrex glass because it will 
withstand more heating in the presence of potassium without 
becoming brittle than other kinds. The connection (A) with 
the vacuum system and potassium still, should be made on 
the neck of the tube because in the distillation process it is 
necessary to keep the bulb cool. The ‘‘pocket” (P) at the 
entrance to the cell is provided in order to catch the liquid 
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potassium after it passes through the capillary (C). The 
metal is heated in this pocket and passed into the cell as a 
vapor. If liquid metal is run directly into the hot cell, there 
will be the danger that it will break the glass due to the sudden 
chilling. If the potassium vapor instead of the liquid metal 
is run through the capillary, the distillation process will be 
found to be unnecessarily difficult as well as tedious. The 
space of 3.5 cm. between the pocket and the bulb is provided 
in order to make room for the air cooler to keep the bulb cool 
and to give space for the asbestos shields placed there to 
protect the bulb from the flames used in the distillation. 
See Fig. 6. 

During the distillation, this part of the tube is kept at a 
temperature of about 300° C. by an electric heater which must 
be wound on before the cell is fastened to the vacuum system. 
The exact specifications of this heater are given below. 

Depressions for Guard Rings.—lIf the cell is to be used with 
a sensitive electrometer where steps can not be taken to keep 
the cell in a very dry atmosphere, guard rings will be found 
necessary. Fifty to one hundred turns of No. 30 bare copper 
wire wound in the depressions (1) and (2), shown in Fig. 1, 
reduce the leakage current to a satisfactory value. The 
guard ring at (1) will usually be found sufficient if it 1s con- 
nected to “earth” along with the positive side of the battery 
and the shield of the electrometer. In case there is an 
electrometer deflection due to the potential of the voltaic cell 
set up between the copper ring and the tungsten seal of the 
central electrode over the surface of the glass, this can be 
greatly reduced by winding a second copper ring in depression 
(2) and connecting this one to the central electrode. The 
best way to support the cell when it is in use is by means of a 
band fitted around the guard ring at (1). 

Location of the Outside Electrode——The outside electrode 
(D) should be placed so that it is at the bottom of the cell when 
it is mounted on the system. The excess potassium will then 
flow around the nickel ring fastened to the tungsten seal and 
thus insure perfect contact between this lead and the po- 
tassium coat. 
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(5) The hydrogen is then pumped out and argon is intro- 
duced to give maximum sensitivity. 

(6) The cell is then sealed off and is ready for use. All of 
this can be found in the literature... The intention of the 
following instruction is simply to show one method by which 
these generalities can be reduced to the specific case for the 
benefit of those who are not specifically interested in the study 
of photoelectric cells as such, but are interested in using 
them as a laboratory instrument. 

PREPARATION. 


1. Photoelectric Cell. 


The design of the cell depends on the type of work in 
which it is to be used, and therefore the specifications given 
here are to be taken simply as an example embodying many of 
the requirements common to all cells. The dimensions in cm. 
are given in the sketch in Fig. 1. 


Fic. I. 
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Features of the design shown here which might escape 
one’s notice are called to attention in the following, and the 
reasons for their incorporation are given. 

The cell should be made of Pyrex glass because it will 
withstand more heating in the presence of potassium without 
becoming brittle than other kinds. The connection (A) with 
the vacuum system and potassium still, should be made on 
the neck of the tube because in the distillation process it is 
necessary to keep the bulb cool. The “pocket” (P) at the 
entrance to the cell is provided in order to catch the liquid 


1H. E. Ives, Bell System Technical Journal, 5, 320-335 (1926). 


May, 1928.] PorTrAsstUM-HyDRIDE PHOTOELECTRIC CELLS. 639 


potassium after it passes through the capillary (C). The 
metal is heated in this pocket and passed into the cell as a 
vapor. If liquid metal is run directly into the hot cell, there 
will be the danger that it will break the glass due to the sudden 
chilling. If the potassium vapor instead of the liquid metal 
is run through the capillary, the distillation process will be 
found to be unnecessarily difficult as well as tedious. The 
space of 3.5 cm. between the pocket and the bulb is provided 
in order to make room for the air cooler to keep the bulb cool 
and to give space for the asbestos shields placed there to 
protect the bulb from the flames used in the distillation. 
See Fig. 6. 

During the distillation, this part of the tube is kept at a 
temperature of about 300° C. by an electric heater which must 
be wound on before the cell is fastened to the vacuum system. 
The exact specifications of this heater are given below. 

Depressions for Guard Rings.—lf the cell is to be used with 
a sensitive electrometer where steps can not be taken to keep 
the cell in a very dry atmosphere, guard rings will be found 
necessary. Fifty to one hundred turns of No. 30 bare copper 
wire wound in the depressions (1) and (2), shown in Fig. 1, 
reduce the leakage current to a satisfactory value. The 
guard ring at (1) will usually be found sufficient if it is con- 
nected to “earth” along with the positive side of the battery 
and the shield of the electrometer. In case there is an 
electrometer deflection due to the potential of the voltaic cell 
set up between the copper ring and the tungsten seal of the 
central electrode over the surface of the glass, this can be 
greatly reduced by winding a second copper ring in depression 
(2) and connecting this one to the central electrode. The 
best way to support the cell when it is in use is by means of a 
band fitted around the guard ring at (1). 

Location of the Outside Electrode——The outside electrode 
(D) should be placed so that it is at the bottom of the cell when 
it is mounted on the system. The excess potassium will then 
flow around the nickel ring fastened to the tungsten seal and 
thus insure perfect contact between this lead and the po- 
tassium coat. 
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(5) The hydrogen is then pumped out and argon is intro- 
duced to give maximum sensitivity. 

(6) The cell is then sealed off and is ready for use. All of 
this can be found in the literature... The intention of the 
following instruction is simply to show one method by which 
these generalities can be reduced to the specific case for the 
benefit of those who are not specifically interested in the study 
of photoelectric cells as such, but are interested in using 
them as a laboratory instrument. 

PREPARATION. 


1. Photoelectric Cell. 


The design of the cell depends on the type of work in 
which it is to be used, and therefore the specifications given 
here are to be taken simply as an example embodying many of 
the requirements common to all cells. The dimensions in cm. 
are given in the sketch in Fig. I. 
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Features of the design shown here which might escape 
one’s notice are called to attention in the following, and the 
reasons for their incorporation are given. 

The cell should be made of Pyrex glass because it will 
withstand more heating in the presence of potassium without 
becoming brittle than other kinds. The connection (4) with 
the vacuum system and potassium still, should be made on 
the neck of the tube because in the distillation process it is 
necessary to keep the bulb cool. The “pocket” (P) at the 
entrance to the cell is provided in order to catch the liquid 
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potassium after it passes through the capillary (C). The 
metal is heated in this pocket and passed into the cell as a 
vapor. If liquid metal is run directly into the hot cell, there 
will be the danger that it will break the glass due to the sudden 
chilling. If the potassium vapor instead of the liquid metal 
is run through the capillary, the distillation process will be 
found to be unnecessarily difficult as well as tedious. The 
space of 3.5 cm. between the pocket and the bulb is provided 
in order to make room for the air cooler to keep the bulb cool 
and to give space for the asbestos shields placed there to 
protect the bulb from the flames used in the distillation. 
See Fig. 6. 

During the distillation, this part of the tube is kept at a 
temperature of about 300° C. by an electric heater which must 
be wound on before the cell is fastened to the vacuum system. 
The exact specifications of this heater are given below. 

Depressions for Guard Rings.—TIf the cell is to be used with 
a sensitive electrometer where steps can not be taken to keep 
the cell in a very dry atmosphere, guard rings will be found 
necessary. Fifty to one hundred turns of No. 30 bare copper 
wire wound in the depressions (1) and (2), shown in Fig. 1, 
reduce the leakage current to a satisfactory value. The 
guard ring at (1) will usually be found sufficient if it is con- 
nected to “earth” along with the positive side of the battery 
and the shield of the electrometer. In case there is an 
electrometer deflection due to the potential of the voltaic cell 
set up between the copper ring and the tungsten seal of the 
central electrode over the surface of the glass, this can be 
greatly reduced by winding a second copper ring in depression 
(2) and connecting this one to the central electrode. The 
best way to support the cell when it is in use is by means of a 
band fitted around the guard ring at (1). 

Location of the Outside Electrode.—The outside electrode 
(D) should be placed so that it is at the bottom of the cell when 
it is mounted on the system. The excess potassium will then 
flow around the nickel ring fastened to the tungsten seal and 
thus insure perfect contact between this lead and the po- 
tassium coat. 
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2. Preparation of the Potassium Metal. 


A type of still in which the metal can be satisfactorily 
prepared is shown in Fig. 2. Two balls of potassium (1.5 cm. 


Fic. 2. 
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dia.) should be scraped clean, cut, washed in petroleum. ether 
or carbon-tetrachloride and carefully put into the tube as 
shown. (Caution should be exercised not to allow the balls to 
make a hard impact with each other or with the glass because 
clean potassium catches fire very easily.) The tube should be 
sealed as quickly as possible and the vacuum pump started. 
After 4 hour of pumping, the parts from “A” on through to 
“ F” should be baked out quite thoroughly with gas burners. 
Then melt the potassium slowly into the first sphere (1) and 
seal off at “A.” Then distill the metal into (2) and seal off at 
“B,” etc. When the metal reaches (4) and “D” is sealed, it 
should exhibit a very clean appearance. Parts (5), (6) and 
the side tube should again be baked out with the flame. The 
metal can now be distilled into (5) and then into (6) where it 
can then be forced to flow down the side tube and sealed off 
at the capillary E. 
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3. Purification of the Argon. 


A calcium arc ? purifier should be connected to the vacuum 
system through suitable stopcocks as shown in Fig. 5. The 
calcium arc argon purifier consists of two calcium blocks 
supported on connections and separated a distance of about 
8 to 10 mm. Suitable electrical connections are shown in 
Fig. 3. The arc can be started after the circuit has been 


Fic. 3. 
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completed by causing the spark from a spark coil or from a 
Halliwell-Shelton violet ray generator to cross the gap between 
the electrodes. It is necessary to touch only one of the 
electrodes with the spark coil connection because the capacity 
to earth of the battery is sufficient to make the complete 
circuit for the spark discharge well enough to start the calcium 
arc. After the arc is started the pressure can be increased 
from the starting value of one mm. or so to any desired value 
without danger of putting out the arc. A high driving 
voltage (400 volts) and a high series resistance (450 ohms) are 
desirable for a strong and stable arc discharge. With a 
current of about 0.7 amp. the voltage across the arc should be 
about 80 volts. Six to eight hours running should ‘‘clean up” 
the argon. Mount the electrodes in the vertical position. A 
low pressure discharge tube (G) should be connected to the 
system as shown in Fig. 5, so that the argon can be introduced, 


2 The “Misch Metal” arc is thought to be superior to the calcium arc by some 
experimenters. 
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a discharge started, and impurities such as nitrogen be 
detected by direct vision spectroscopic observation. 


4. Production of the Hydrogen. 


Electrolytic hydrogen * produced as shown in Fig. 4 has 
been found to be suitable for the forming of the hydride. 
Three liters of freshly boiled distilled water to which has been 
added 50 gm. of phosphorous pentoxide makes a satisfactory 
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electrolyte. With a suitable resistance R the current can be 
taken from a 110-volt source and adjusted to 0.5 amp. There 
is some danger of a little oxygen being carried into the hydro- 
gen side if the generation is too rapid. 


HEATERS FOR BAKING OUT AND DISTILLATION. 
1. Heater on Neck of Photo-cell. 


Before the cell is connected to the system two electric 
heating coils should be wound on the neck of the cell as shown 


3 Commercial hydrogen introduced through a palladium valve has been tried 
in other laboratories and thought to be superior to electrolytic hydrogen. 
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by H, and H; in Fig. 6. To make these heaters, wind on three 
layers of wet asbestos tape. Then wind two meters of No. 20 
B. & S. nichrome wire held at each end by two turns of No. 18 . 
copper wire. Three leads should be brought out, one for each 
end and one at the mid point. Three layers of asbestos tape 
(width 1.0 in.; thickness 0.015 in.), again wound on wet, will 
serve as an insulation to protect the outside of the heater. A 
heating current of 4.0 amps. for each coil can be furnished 
from a 12-volt battery and adjusted by means of a series 
resistance in each circuit. ; 


FIG. 5 
(6) 
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2. Large Baking-out Oven. 


The connection C—S (shown in Fig. 6) to the vacuum system 
must be made to permit the enclosing of the entire cell in an 
oven in order to bake it out. A baking-out oven 17 inches 
long and 10 inches in diameter has been found to be perfectly 
satisfactory for this purpose. A temperature of 420° C. + 10° 
should be maintained for a period of at least three hours, after 
which a temperature of about 340° C. should be held for at 
least one hour. 


3. Heater to Keep the Neck of the Photo-cell Clear. 


In order to prevent the condensation of potassium in the 
neck of the cell during the distillation process, a small oven 
(H;) of Fig. 6 must be maintained at a temperature of 340° C. 
+ 10°. Temperature in excess of this value may drive out 
impurities from the glass which might contaminate the 
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potassium surface while a lower temperature might allow 
enough potassium to condense in the neck to give an ob- 
_ jectionable “dark current.” The capsule of potassium pre- 


Fic. 6. 


ARRANGEMENT OF HEATERS 


FOR FINAL DISTILLATION OF 
Oe Gj mu 


pared as described above should be broken at one end and 
inserted as shown at (K) in Fig. 5; the system sealed at 
(O), and the pumps started as quickly as possible. After the 
baking out described above and the baking of parts A, B, etc., 
with a gas flame, the preparations for the final distillation 
should be made. The heater (H;) and the two auxiliary 
electric heaters should be started and allowed to come up to 
equilibrium temperature as specified above. Also the air blast 
coolers should be placed in position so as to keep the bulb cool 
at all times. (The air blast coolers consist of two perforated 
glass ‘“‘half moons” formed so as to fit closely arouiid the neck 
of the tube as shown.) 

Melt the potassium and distill some of it over “4,” “B” 
and “C,” and force one drop at a time to roll down the side 
tube to the cell through the capillary and into the pocket P. 
One drop will fill the pocket if made the size shown in Fig. I. 
The bunsen burner (F) shown in Fig. 6 should be adjusted 
to keep the pocket warm but not hot enough to cause rapid 
distillation. As soon as the drop has been driven into the 
pocket, additional heat from a small ‘ gas-air”’ flame of a hand 
torch will quickly vaporize the metal, drive it through the 
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opening in the neck where the electric heaters will keep it 
vaporized until it has condensed on the wall of the cool bulb. 
After three drops have been introduced in this way, the metal 
left in “4,” “B” and “C” should be heated just enough to 
coat the inside of these tubes completely. This coat will help 
remove any impurities contained in either the argon or the 
hydrogen, which might otherwise contaminate the surface of 
the cell. Heater H, should be turned off in order to allow 
some of the potassium to condense in that part of the neck. 
The bunsen burner should be removed and the pocket watched 
for signs of potassium condensing there. As soon as it is 
observed, it should be chased back into the tube. If, after 
waiting about five minutes, there is no trace of metal either in 
the pocket or along the capillary, heater H: can be turned off; 
the air blast turned off; and part of the asbestos shield taken 
away. A small “window” should now be made by quickly 
evaporating the metal with a small, well-pointed ‘‘gas- 
oxygen” flame. Care should be exercised not to make the 
window any larger than is really necessary. The window and 
the pocket should be carefully watched and kept clean until no 
trace of metal deposit can be seen even after waiting five or ten 
minutes. The electric heater H; can now be turned off and 
removed. 
CIRCUITS FOR MEASURING PHOTOELECTRIC CURRENT. 

Two circuits for measuring the photoelectric current are 
shown in Fig. 7. The direct measurement method shown in 
the figure requires the use of a sensitive galvanometer such as 
the Leeds-Northrup 600-ohm instrument with a sensitivity of 
13,000 megs. With this circuit it is easier to obtain quanti- 
tative results than with the circuit 7a. Circuit 7a, which can 
be inserted in Fig. 7 at x:-x2, has the following definite ad- 
vantages: (1) Response is almost instantaneous; (2) during 
the time that the gas is being introduced into the cell con- 
tinuous measurements of the photoelectric sensitivity can be 
made without the danger of overloading the measuring 
instrument in case a glow unexpectedly starts within the cell. 
The circuit shown in Fig. 7a should be set up with the vacuum 
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tube (with u = 20 to 30), the resistances (Ra, R, and R.) and 
the keys (Ka, K, and K.) in a tight box with a dryer such as 
phosphorous pentoxide. Resistances Ra, Re, Re, etc., should 
be made in the usual way by drawing a long heavy line ‘ with 
india ink in the form of a grid to give approximately the 
following resistances: R, = 300 megs; Rs = 40 megs; R. = 6 


FIG. 7. 
VACUUM TUBE 


WITH: ik CIRCUITS FOR MEASURING 
PHOTOELECTRIC CURRENT 


R,+R,2 CRITICAL DAMPING 
RESISTANCE 


Hoy 
450V. 


er SO 


(-) 


megs and R4 = 1.0 meg. If these resistances are mounted in 
glass tubes with connecting electrodes and evacuated, they 
will be found to be very free from ‘‘galvanic e.m.f.,’’ and 
polarization, and remain constant indefinitely. The keys (K) 
should be designed after the manner, of electrometer keys and 
be operated by strings as in the usual electrometer set up. 
With K, operated and no current flowing through the cell, 
the grid of the tube will be at the potential of the negative 
side of the filament. When a current flows through the cell 
and the resistance Ra, the grid becomes negative with respect 

‘A line 1.0 mm. wide has a resistance of approximately 1.0 meg per cm. and 
one 0.4 mm. wide has a resistance of about 3 megs percm. For most applications 
the mounting of the resistances in vacuum is not necessary. 

š If the filament is not burned too brightly, the filament to grid current 


flowing through the 300-meg resistance will be less than 2(10)~* and will introduce a 
small error only while the photoelectric current is small. 
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to the filament by the amount V = Rat and the plate current 
I of the tube will decrease. From the “grid voltage, plate 
current” characteristic of the tube, the V corresponding to the 
observed value of J willbe known. Curves can be plotted (one 
for each value of R), which relate the plate current J and the 
photoelectric current 2 and thus make measurements with this 
circuit almost as quantitative as the more direct galvanometer 
method. The advantages of this method of measurement 
from the standpoint of safety and speed are obvious. In case 
a glow discharge or a short circuit takes place in the photo-cell 
or in its circuit connection, the current J drops to zero and no 


harm is done. 
FORMATION OF THE HYDRIDE. 


One of the measuring circuits drawn in schematic in Fig. 7 
should be set up to measure the photoelectric sensitivity using 
a 75-watt lamp (equivalent to about 100 c.p.) as a source of 
light at a distance of one meter. With an applied voltage ê of 
110 v. the current should be about 5 X 10°° amp. The 
system should be cut off from the pumps by means of a 
mercury trap T of Fig. 5, and hydrogen introduced by means 
of the double stopcock trap C, and C: of Fig. 5, while the 
photoelectric current is being watched continuously. At a 
pressure of about 0.1 mm. of Hg. the maximum sensitivity will 
be reached. The current should now be in the neighborhood 
of 25 X 10°* amp. After the galvanometer has been short- 
circuited by switch S of Fig. 7, the application of 450 volts at 
Sı should start a glow discharge or “flash” within the cell. 
Cut off the discharge after it has run 0.2 to 0.3 sec. and again 
measure the sensitivity. It should show a large increase. In 
case the discharge does not start spontaneously, it can be 
started with the spark coil. After six to ten flashes of this 
kind a maximum in sensitivity should be reached with a 
current of about 400 X 10° amp. The system must now be 
pumped out and “flushed” with argon four or five times and 
then pumped down for one-half hour or more. Under the 

e If circuit 7a is used, a voltage nearer the critical voltage can be safely used. 


If one of the electrical restrictions placed on the problem is the operating voltage, 
then that required voltage should be used here instead of 110 volts. 
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vacuum condition the photoelectric current should be 80 
XxX 10°* amp. The introduction of argon to a pressure of 
about 0.1 mm. should bring the cell up to its maximum of 
sensitivity with a current of about 600 X 107° amp. 


DETERMINATION OF THE CRITICAL VOLTAGE. 
With the galvanometer well protected by shunt and series 
resistances (R, and R2), gradually increase the voltage until a 
rather sudden increase in current shows up which does not 
depend on the presence of the light source. Cut off the 
potential and again bring it up slowly to within about 10 
volts of the critical voltage just found and make sure that the 
current falls to zero when the light is out. The current 
flowing with this voltage (180 — 10 = 170 volts for the cell 
described here) should now be about 3500 X 10-9 amp. Seal 
off the cell heating the capillary at C as quickly as possible and 
check the reading, supporting it in about the same position as 
before. Again check this final reading after 48 hours. If no 
change can be detected within that time this cell can be 
considered satisfactory and if not misused will remain quite 
constant in its response for a long time. 


TABLE OF PHOTO-CURRENT AT EACH STEP. 


IV ACUI 5 sored ain Ba dees Sewanee oe ae Sa a eee 5 X Io7* amp. 
Hydrogen to max........ 0.0... cece ccc ccc cece eee eeseees 25 
Flash to MaXssi6 5.0 ga 55.3 selegee die Sua ee eke ew <awarenhua weer 400 
ACW od crc nth clei eee dd Ee a eee eee eS 80 
ATTON (Oaks Sen cee woes ee e a a we doee eles 600 
Critical voltage—I0 V.... 0... cece cee teen eee 3500 


To Dr. W. F. G. Swann, under whose direction this work 
was carried out, I am indebted for many valuable suggestions. 


DIELECTRIC CONSTANT OF AQUEOUS SOLUTIONS OF 
SODIUM CHLORIDE. 


BY 
ARTHUR BRAMLEY 


Bartol Research Fellow. 


ERESI ESEA ACCORDING to the theory of aqueous 

FOUNDATION solutions of strong electrolytes formulated 
Communication No. 24 by Debye and Hiickel, the dielectric con- 
- stant D of a solution of concentration y mols. per liter should 
be expressible in the form - 


D = Do(1i — ay), 
where Do is the dielectric constant of the solvent, 
= 81.0 for pure water, 


and a is a constant depending on the types of ions present in 


the solution, 
= 6.6 for NaCl. 


Measurements of œa have been made by various investi- 
gators using a high frequency bridge method, of which those 
by Sach (Phys. Zeit., 5, 28) are among the best. He finds 


the value 
a= 7.1 + 1.2, 


which is in good agrement with the theory, considering the 
difficulties involved in measuring the capacity of a cell whose 
conductivity is appreciable. In order to avoid the ambiguity 
arising from this cause, the writer used, to determine the 
dielectric constant, an interferometer method, which de- 
pends upon the measurement of electrostriction produced in 
the solution by the applied electric field. 

From a study of the dielectric constant of the solution for 
concentrations up to 4 X Io-? mol./I., it was found that the 
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following equation expressed the experimental results to the 
accuracy of the density determinations, 
D? = D?o(1 — aly), 
where 
a! = 15.7 Æ .6, 


which may be expressed in the following form for infinitely 
dilute solutions: 

D = Do(1 — ay), 

a = 7.85 + .30, 


whereas the value demanded by the theory was 
a = 6.6 for the same salt, NaCl. 


DESCRIPTION OF APPARATUS. 


According to the theory of the electrostriction effect as 
developed by G. Bruhat and M. Pauthenier (Journ. de Phys., 
Jan. 1925), the adiabatic change in the index of refraction, 
n, of a dielectric, due to the application of an electric field of 
intensity E, is related to the dielectric constant D, the index 
of refraction n, and the coefficient of adiabatic compression 
X by the relation 


hee (D — 1)(D + 2)(n! — 1)(n? + 2)XE* | 
144n 


In order to measure the small quantity An predicted by 
this equation, the condenser cell containing the electrolytic 
solution was placed in one arm of a Michelson interferometer. 
The fringe system by which the variation of the index of 
refraction was measured was observed through a telescope 
by setting the cross-hairs of the instrument on one of the 
fringes of the system, the readings being accurate to one- 
twentieth fringe. As a source of illumination, a mercury arc 
was used from the spectrum of which the green line 5461 A. 
was selected by means of a Wratten ray filter as a convenient 
source of monochromatic light. The cell consisted of a 
parallel plate condenser 10 cm. long, made of bakelite with 
two optical glass plates on the ends, the light passing through 
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the cell parallel to the plates so that the effect could be 
measured at various positions relative to the condenser plates. 
The metal plates were insulated from the liquid by thin sheets 
of mica in order to prevent the disturbances in the liquid pro- 


Fic. 1. 


M 
(| 


Solution 


= 1S 


D, the electrical connections to metal plates. 
and M’, full silvered mirrors. 
B, half silvered mirror. 
S, light source. 
T, telescope through which the fringe system is observed. 
W, glass end plates. 


duced by the action of minute bubbles on the surface of the 
plates which separated from them and diffused across the 
field of view. 

As this method consists in measuring the change in the 
index of refraction of the solution with respect to a certain 
line when the electric field is applied, the relation between the 
relative fringe shift f and the change in refractive index An 
must be known; this relation is expressed in the following 
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equation, | 
_ 


~ Qt’ 


where J is the wave-length in air of the light used to form the 
fringe system and / is the length of the cell. 

Before we discuss the type of results found by this method 
we shall investigate first the effect of the conductivity of the 
solution on the value of the electric intensity Æ, within the 
conducting medium. For this we shall consider the simple 
case of a parallel plate condenser, the plates being separated 
by two different dielectrics; the first medium has a dielectric 
constant D,, thickness dı, and conductivity zero, while the 
second has a dielectric constant D, thickness d2, and conduc- 
tivity c. Ifa potential V is applied to the plates at the time 
t = o, then initially: 


D,E, = DE», t = O, 
V 


where 
E ıdı + Edə. 


The current density 7 in medium Z is given by 


TE D2, 


and the current density t in the second medium is 


msp ie 


+ cE», 
and from the equation of continuity of current flow we have 


that 


ca = aa cE. 


From the time differentiation of the equality 


V = Eid; + Ezd,;, 
we find that 


T2 
(Di + DiS 7) a rae as 
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and also that 


d\0E., ad, V 
(Dit iF) E = er, 


whose solution is 
E, = ++ E og Wedit! (Pidat Dadi) 
1 


and 
E, = Egge ledit! (Dıdrt+Dzd1)] 


where Eio and E20 are constants of integration. 
Since D,E, = DE: when ¢ = o, we have that 


7 4 Exe) D: = DEn, 
and also that ` 


V= (+ + Exo) d: + Eds, 


from which we obtain that 


E=- V_ Did _ 
a dı Dida + Dd,’ 
Exo V Dd 


~ dy Did, + Dodi’ 


so that the quantity in which we are interested, namely E», 
has the value 
E, V Dd, 


~ dy Dida + Dadi 


The values of these quantities for the condenser used in 
the experiment were 


eT [cd,t/(D,d_+Ded})) ` 


D, = 6, D: > 50, while D, = 81.0 for water, 
dı = 5 X 10™ cm., d, = 1.8 cm., 
c < 10°?/ohms, 
and V varied from 3,000 to 6,000 volts, so that 


_ Did la 
Did, + Ded PP. 


VoL. 205, No. 1229—45 
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and 


E, = V (edit! Dids) 
d: 


= V en4 X 10t 
? 


1.8 


when c = 10°”, so that during the period of the alternating 
electromotive force used as the source of power the variation 
of the electric intensity due to the conductivity was negligible, 
a result which was experimentally verified. For knowing the 
electric intensity within the cell it is easy to calculate the 
capacity of the arrangement and its variation with time. 


In this figure, the abscissa represents the square of the electric field, E? X 1077, and the ordinate 
the fringe shift f X 18. The lines marked 1, 2, 3, °** represent the values of the fringe shifts 
against E? for 

I, pure water, 

2, solution, NaCl, concentration y = .71 X 10 ? normal, 

3, solution, NaCl, concentration y = 1.42 X 10°? normal, 

4, solution, NaCl, concentration y = 2.13 X 10°? normal, 

5. 


and 5, ethyl alcohol. 


For the case of water such an experiment was performed by 
Cohen and Arons who determined the dielectric constant of 
water by measuring the rate of decay of the charge on a 
condenser of this type. Since their determination is in good 
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agreement with those determined by other methods, the 
values we have found for the electric intensity can be regarded 
as representing the actual distribution of intensity. 

In the experiments which we are going to describe, the 
variation of the refractive index for a solution of fixed concen- 
tration was determined experimentally for the potential dif- 
ferences V on the plates ranging from 3,000 to 7,000 volts. 
In all the solutions investigated the variation of the index 
of refraction An varied as V? within the limit of observation 
of the fringe shift, an effect we should expect, for from 
equation I we have that An « E?, while from the theory of 
the distribution of electric intensity within the cell we have 
that 

E « V. 

The data obtained are given in Fig. 2, where we have 
plotted the fringe shift f in units of 1/18 of a unit fringe shift 
against the square of the applied field V. The results show 
that for water and solutions of NaCl in water at three different 
concentrations the observed points lie on a straight line in 
each case. From these results we shall first calculate the 
dielectric constant of water, using equations I and II, and 
the relation between fringe shift f and change in the refractive 
index An, namely 

Af 


= 


From these equations we find as a result of substitution 
that 


An 


_(D — 1)\(D +2)(n2 — 1)(n? +2) 21X V? 
I= 1447nr Sr 
where 
d = 1.8 cm., 


l = 10.0 cm., 
X = 50 X I0”, 
n = 1.3330, 
and `A = 5.416 X 10-5 cm. 
Taking the value for f corresponding to a given value for 
V2, €g., 
V? = 2.5 X 107/9 X 10 = 2.5/9 X I0 e.s.u., 
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we find for (D — 1)(D + 2) the value 
(D —1)(D + 2) = 77.3 + 3.1 at 23° C. 
in good agreement with the theoretical value of 
D = 81.0 for water. 


In calculating these results a correction was applied to 
the values of the voltages given above since we were using 
alternating current in these experiments. This correction 
amounted to assuming that the edge of the fringes moved 
an amount equal to that produced by a steady applied 
potential whose value was the same as the maximum voltage 
in the cycle. As an additional check on this point, the dielec- 
tric constant of ethyl alcohol was measured: the value for 
this liquid was found to be 


D = 24.0 + 1.0 at 23° C., 
while the value determined by other methods gave 
D = 25.8 at 20° C., 
which is fairly good agreement. 
FIG. 3.. 


0 
/ 2 3 4 y 


In this figure, the ordinates represent the squares of the dielectric constant D? X 1073, the abscissæ 
the concentrations y X 10? mol./l. 


Having determined the dielectric constant of water from 
this graph, the determination of the dielectric constant of the 
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solutions of various concentrations is a simple matter since 
the refractive index and coefficient of compressibility are 
practically independent of the solution, provided the concen- 
tration is small. Thus the dielectric constant D of the solu- 
tion is related to the fractional fringe shift f by the equation 


D?/D u 0p? = flfuon for any given voltage. 


The values of the dielectric constant squared obtained in 
this manner from Fig. 2 are plotted against the concentration 
in Fig. 3. 

From the graph we see that the relationship between D? 
and y, the concentration, is linear so that we can write for the 
equation expressing the dependence of D? on y, the relation 


D? = DPI a ay), 


(81.0), the dielectric constant of pure water, 


where Da 


and a = 15.7 from the experimental curve. 


For small concentrations, where it is legitimate to neglect 
the higher powers of y than the first, we can write for this 


relationship 
D = Dit — 7.854). 


The accuracy of the values obtained is determined by the 
accuracy with which we can measure the fringe shifts: in 
these experiments the maximum error due to this cause was 
less than 4%, so that the value of a/2 is correct to the same 
maximum deviation 


Q! 
Ais 7.85 + .3I. 
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Pennsylvania Day. An Act of the General Assembly of Pennsyl- 
vania approved March 9g, 1927, directs that the Governor shall 
annually issue his proclamation designating Pennsylvania Day to be 
observed as a patriotic day. Pennsylvania Day shall be March 4, 
unless that date falls on Saturday or Sunday, when the preceding 
Friday or the following Monday may be designated. The act also 
directs that exercises be held in the public schools on that day with 
reference to the granting of the Charter of Pennsylvania to William 
Penn, and the life and principles advocated by Penn in founding 
Pennsylvania. The Department of Public Instruction of the 
Commonwealth of Pennsylvania has issued a brochure of 52 pages on 
Pennsylvania Day. It contains a biography of William Penn, a 
section on ‘“‘Some Pennsylvania Initiatives,” and chapters on 
agriculture, art, birds, education, forests, highways, historic shrines, 
industries, literature, mammals, music, and science in Pennsyl- 
vania. Suggestions for celebration of Pennsylvania Day are 
included. J. S. H. 


THE COVERING POWER OF PHOTOGRAPHIC 
SILVER DEPOSITS.* 


Part I. 
BY 


S. E. SHEPPARD AND A. BALLARD 
Kodak Research Laboratories. 


THE relation of the obscuring power of photographic silver 
deposits to the amount of silver per unit area has been the 
subject of several researches since the time of Hurter and 
Driffield’s Photochemical Investigations.1 ‘They defined the 
density as 
Lo 


D = logio O = logio = logio T ’ 


T 
where O = opacity, 
T tanon E I_ light transmitted , 
Io light incident 

Since the developed silver image partly scatters some of the 
light, it is necessary ? to distinguish between diffuse density D; 
measured for light already completely scattered and D,,, i.e., 
density measured for a parallel beam of light. The value of 
D, may be determined by placing the image in contact with 
a piece of opal glass, so that the light incident is thoroughly 
diffused.’ Hurter and Drifheld obtained the definition of 
density from the assumption that the silver particles in a 
developed image could be regarded as obeying the Lambert- 
Beer absorption law. Consequently the density D,, should be 
proportional to the mass of silver per unit area. They found 

* Communicated by the Director and published as Communication No. 338 
from the Kodak Research Laboratories. 

1 J. Soc. Chem. Ind., 9, No. 5 (1890). 

2 A. Callier, Phot. J., 49, 200 (1909). 

F. F. Renwick, Phot. J., 52, 250 (1912). 


3 It is realized that this does not give so complete diffusion as an integrating 
sphere. Cf. A. J. Bull and H. M. Cartwright, Phot. J., 49, 177 (1925). 
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this to hold experimentally for one emulsion over a range of 
density 0.5 to 2.0, and for another for a range 0.75 to 2.5, 
in both cases with the same developer, ferrous oxalate. J.M. 
Eder ‘ confirmed this for another emulsion for the range 0.5 
to 2.0, also with ferrous oxalate. Sheppard and Mees € found 
the relation to hold quite closely for a slow emulsion, also with 
ferrous oxalate, over a range 0.5 to 3.5. 

This constant proportionality may be expressed in the form 


P = S/D, 


where S = mass of silver per dcm.?, 
D = density, 


and the term photometric constant was applied by Sheppard 
and Mees to the ratio P. 

In 1923 Scheffers ê published some experimental results 
on this subject in a paper on solarization. He found fairly 
good constancy for P over a range of density from 0.08 to 1.12, 
but observed that the value of P of the solarized image became 
progressively smaller as solarization advanced. This he at- 
tributed to solarization being a development phenomenon, 
smaller silver grains being produced as solarization advanced. 

In a theoretical paper P. G. Nutting 7 showed on the basis 
of probability considerations that the transparency of a 
multiple layer of n grains of average projective area a would be 


Tm = (1 — anı) (1 — Gone) +++ (I — amm), 


the corresponding absorption Bm being given by Bm = I — Tu. 
If the layers are alike in number and size of grain, the trans- 
parency would be 

Tm = (I — an)™ 


corresponding to Lambert's law. 


4‘* Handbuch der Phot.,” 3d Edit., p. 222 (1903). 

š “Investigations on the Theory of Photographic Process” (Longmans, 
Green, and Co., London, 1907), p. 41. 

$ Zeit. physik. Chem., 20, 120 (1923). 

1 Phi. Mag., 26, 421 (1913). 
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Density D in this case = — m log (1 — an) but, if ‘A isso 
small that the overlapping of grains is negligible,” 


D = mA = mna. 


Further, ‘‘if the film is m layers deep, mn = N is the total 
number of grains per unit area, and S the mass of silver 
= cNa?’?, the constant c involving the specific gravity of the 
silver and other factors. 
The photometric constant (P) is 
M  cNæ”’ — 
P = D Na cVa 
if the overlapping of grains is negligible. Hence, to a first 
approximation P should be independent of N, i.e., of exposure 
and development, but should “vary among different brands 
of plates in proportion to the mean diameter.” 
Higson,® applying considerations similar to those used in 
deriving the Lambert-Beer law of absorption, obtains the 


approximate relation 
D = Na, 


where N is the total number of grains per unit area, a the 
projective area. This is the same as Nutting’s approxima- 
tion, neglecting overlap. He deduces accordingly, as did 
Nutting, that the “photometric constant” P should vary in 
proportion to the mean diameter of the grains. Higson’s 
further calculations of the absolute value of P are based on 
the erroneous conclusion ® ‘‘that a grain of silver bromide 
gives a developed grain almost exactly twice the diameter, 
i.e., presumably eight times the volume, when it is treated 
with developer under the ordinary conditions which occur in 
the photographic plate.” 

In a paper by Meidinger ® in 1924, a number of experi- 
mental investigations on the photometric equivalent were 

° Cf. Wightman, Trivelli, and Sheppard, J. Phys. Chem., 28, 529 (1924); 


Davidson, Phot. J., 49, 19 (1925). 
10 Zeit. physik. Chem., 114, 89 (1924). 
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reported. Meidinger found, using a metol developer, that 
the value of P was independent of exposure for the same 
emulsion and development. With emulsions of different 
grain size, however, he found that P decreased, or the covering 
power increased, with decreased size of grain, in qualitative 
agreement with Nutting’s conclusion. He does not give any 
values of the average diameter of the developed grains in 
each emulsion but the ranges of variation were as follows: 


; Fast Process Lantern 
Emulsion. Large Grain. Fine Grain. Very Fine Grain. 
PHB) Di ence dace 0.0182 0.0100 0.0063 
Covering Power 
S/P ox ote eas 5 9.1 10.5 
EXPERIMENTAL. 


In most of the experimental work on the photometric 
constant so far, the density appears to have been varied by 
altering the exposure, development being generally carried to 
the limit or nearly so. The early investigations of Sheppard 
and Mees " on the microscopy of development showed that 
the average size of the developed grain increases during 
development; it would be expected from this that the photo- 
metric constant would depend very much upon the time of 
development. In commencing an investigation of the cover- 
ing power of the developed image, it was felt that satisfactory 
advances could be made only by developing a method which 
permitted the analytical determination of the silver on the 
small areas of the individual exposures on sensitometric strips. 

This means, for the usual types of sensitometers, deter- 
mination of the silver on areas of about 1 cm.”. Our first 
work was devoted, therefore, to the study of microchemical 
methods of silver determination. The methods used by 
earlier investigators, operating on rather large plates, were 
either gravimetric or volumetric methods not applicable, as 
operated, to extremely small amounts of silver. 


u “Investigations on the Theory of the Photographic Process” (Longmans 
Green, and Co., London, 1907). 
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The amounts of silver which have to be determined under 
these conditions are very small. Assuming a value of 


i 2 
P= gms. silver per 1 cm? _ 0.01, we should have the follow- 


density D = 
ing: 
s Ag per 100 cm.? Ag per 1 cm.? 
D gms, mg. 
OOK 5h 8 Sse eae ee a Aire og eS a 0.0001! 0.001 
eS eee ares eee eee re ee a ee ee eee .OOI O10 
DO od oe @ Wie oN Gar nce Be eA eS OI -I00 


It was felt that the method to be used should be capable 
of determining 0.010 mg. silver, with an error of the order 
of 2 to 3 per cent., that is, it would be capable of evaluating 
the covering power on photographic areas of 1 cm.? for densi- 
ties down to 0.10, but for densities lower than this, corre- 
spondingly larger areas would be necessary. 

The methods investigated were: 


(a) Nephelometric determination of silver as silver chloride 
or silver bromide. 

(b) Colorimetric determination of silver as colloid silver. 

(c) Colorimetric determination of silver as silver sulfide. 


The nephelometric method ” with silver precipitated as 
chloride permits a determination of 0.025 mg. silver in a 
volume of 15 c.c. with an error of 5 per cent.; at 0.10 mg. 
the error is about 8 per cent., and around 0.20 mg. can be 
reduced to I to 2 per cent. With silver precipitated as 
bromide, 0.005 mg. silver could be determined in 15 c.c. with 
an error of 8 to 10 per cent. Above 0.10 mg. the error can 
be reduced to I per cent. The nephelometric method with 
silver bromide could be applied down to densities of 0.1 per 
I cm.” but with an error of the order of 8 per cent.; it was 
decided to secure somewhat higher precision than this on 
the actual analytical procedure for the estimation of silver, 
since other errors (vide inf.) might readily aag an equal or 
greater percentage error to this. 

A colorimetric method of determining small amounts of 


2 Cf. also S. E. Sheppard, ‘Gelatin in Photography,” Vol. I. (Eastman 
Kodak Co., Rochester, N. Y., 1923). 


664 S. E. SHEPPARD AND A. BALLARD. [J. F. I. 


silver as colloidal silver was proposed by G. Stafford Whitby." 
Silver dissolved as silver nitrate is reduced to colloidal silver 
by an alkaline reducing solution. Although this reaction is 


MMS. OF STANDARD SOLUTION READ ON NEPHELOMETER 
S 


Z O25 MGMS. SAs IN 16 
SOLUBI AgCI 


gon pes 1S CC. = ade 
A-G 


Nephelometric determination of silver as chloride. 


very sensitive, giving definite evidence for I part silver in 
20,000,000, we were not able to make quantitative use of it 
for our purpose. The tint of the colloidal silver solution was 
decisively determined by the initial concentration of the 
silver, so that accurate colorimetric comparison of an unknown 
with a standard sol was not possible. 


37th International Congress Appl. Chem., 1909, Sect. 1, p. 12. 
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A colorimetric method in which the silver is converted to a 
silver sulfide hydrosol and compared with a standard was 
investigated; with a volume of 25 c.c., the method was 
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0017 MGMS. Ag|IN 15CC = 
SOLUBILITY 0 Plager AT 2b 
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setae IN IS CC. OF SOLUTION 
A-G 


Nephelometric determination of silver as bromide. 


available only down to 0.01 mg. silver, the intensity of 
coloration being inadequate below a concentration of this 
order. 

A method based on this colorimetric comparison was used 
by K. C. D. Hickman “ but the accuracy reached was not 


4 Phot. J., 62, 512 (1922). 
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sufficient for our purpose. It was pointed out by Hickman 
that the method might be refined to give greater accuracy. 
Since the limit in the direction of sensitivity was set by the 
concentration, it was decided to try a microcolorimeter. 


FIG. 3. 


55 


Rg 8 


MMS. OF STANDARD SOLUTION READ ON COLORIMETER 
3 


0 .05 10 16 -20 .25 
MGMS. Ag - COLLOID SILVER BY WHITBY'S METHOD 
A-G 


Colorimetric determination of colloid silver. 


Using an instrument working with 2 c.c., we were able to 
develop a method of sufficient sensitivity to determine 0.002 
mg. silver with a very fair degree of accuracy. 

The procedure adopted was developed initially for use 
with film, owing to the greater convenience in cutting out 
small areas without first stripping the emulsion from the 
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support. The small pieces of exposed, developed, fixed and 
well-washed film were punched out of the sensitometer fields 
with a hollow steel punch, giving less than a square cm. in 
area (cf. Table I). The reproducibility of the areas secured 
in this way was less than I percent. Thus, from a piece of 
film weighing 1.0205 gms. and being 29.51 sq. cms. in area, 
9 pieces were punched and weighed. 


TABLE I. 

No. Wt. A oA 
I 0.0195 g. — 0.0001 —0.5 
2 .0197 g. + .OOOI + .5 
3 .0196 g. .O O 
4 .0197 g. + .OOO! + .5 
5 .0196 g. .O o 
6 .0196 g. i .O O 
7 -0196 g. .O 0) 
8 .0194 g. — .0002 —1.0 
9 .O197 g. + .OOI “35 

Av. 0.0196 g. + .33 


Area 0.567 sq. cm. 


At first the pieces were placed individually in small flat- 
bottomed vials, and nitric acid (conc.) added. After standing 
to destroy partially the gelatin and completely dissolve the 
silver, water was added and the silver sulfide color developed 
by the addition of an alkaline sodium sulfide solution. On 
comparison in a microcolorimeter, it was found that the depth 
of color was approximately proportional to the silver content, 
but experiments with silver-free, blank film showed that the 
blank color, due probably to the xantho-protein reaction, was 
sufficient to cause appreciable error, particularly for small 
amounts of silver. 

A modification was made, which consisted in treating each 
small piece of film with a few drops of strong sulfuric acid. 
The test was allowed to stand 5 minutes, to partial destruction 
of the gelatin and to dispersion of the silver. A few drops of 
I per cent. bromine water were then added, and the test 
allowed to stand until the silver was completely brominated. 


668 S. E. SHEPPARD AND A. BALLARD. [J. F. I. 


Aqueous ammonia was then added to dissolve the silver 
bromide formed, then the silver sulfide color was developed 
with sodium sulfide solution, and the color intensity compared 
with a standard in the microcolorimeter. 

DETAIL OF PROCEDURE. 
The reagents employed are: 


Sulfuric acid (puriss.), 2 parts to I part water. 
Bromine water, I per cent. 


FIG. 4. 


Reagent dispensing set-up. 


Ammonia aq. fortiss. 
Sodium sulfide (puriss.), I per cent. solution. 
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A pparatus required: 


(a) 3 2-c.c. micro-burettes graduated in 2/100. 
(b) 1 5-c.c. micro-burette graduated in 5/100. 
(c) I 10-c.c. micro-burette graduated in 5/100. 
(d) 1 stand with 12 flat-bottomed 14-o0z. vials. 
(e) 1 microcolorimeter and illuminator. 


The burettes are permanently attached to the reagent 
bottles. 

The arrangement shown has proved very convenient when 
a large number of determinations are required. The micro- 
colorimeter used was a Bausch and Lomb direct reading 
instrument (of the Dubosc type) which the makers modified 
for us for microchemical work by replacement of the regular 
plungers and vessels by special small plungers and vessels. 

In the past, inadequate attention to the illumination has 
reduced the value of colorimeters in chemical analysis. The 
special illuminator provided with the instrument gives very 
even and satisfactory illumination. The instrument reads 
to 0.1 mm. on a cylinder of ca. 30 mm. height, taking a volume 
of 2 c.c. 


Preparation of Samples: 

After development and washing, the film was doubly 
fixed in fresh 25 per cent. hypo solution, thoroughly washed, 
and dried. Conditioning to a constant humidity of 50 per 
cent. R. H. at 70° F. is to be recommended before cutting 
out the test areas. These are punched out as described, 
and usually 10 pieces (test pieces) at a time for simultaneous 
analysis, the dispensing of each reagent being effected on the 
series of vials in the rack. 


Procedure: 


After each test piece has been placed at the bottom of a 
vial, 0.10 c.c. sulfuric acid reagent is run in; the piece of film 
is rubbed with a small glass stirring rod until the gelatin-silver 
layer is broken down to a uniform dark dispersion, requiring 
about 5 minutes. From burette (b) 0.10 c.c. bromine water 
is dispensed, when the silver is completely brominated to a 

VoL. 205, No. 1229—46 
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white suspension. There is then added a quantity of water 
to make up the volume to (V c.c. — 0.4 c.c.) where V c.c. 
is the selected dilution volume (see Fig. 1). The residual 
0.4 c.c. is made up first by dispersing 0.3 c.c. ammonia aq. 
from burette (c), then 0.1 c.c. of sodium sulfide reagent from 
burette (a) into each vial. The yellow solutions are then 
transferred to colorimeter cups and the color compared with 
the standard. The latter is prepared by following the same 
procedure with an equal-sized piece of doubly fixed and 
washed, unexposed, undeveloped film, but adding a definite 
amount of silver nitrate or silver sulfate solution. 


Colorimetric Determination: 


The unknown is placed on the left side of the colorimeter, 
set at 30 mm., the standard on the right hand side, and the 
plunger on the standard side “a to color match. The 


© 


READING ON COLORIMETER IN MMS. 
O 


02 03 04 O6 .OG .07 08 JO wt I2 


WGT. Ag IN MGMS. 
A-G 


Microcolorimetric determination of silver as silver sulfide. 


average of 3 readings is taken and converted to mg. silver 
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by reference to a large carefully drawn calibration curve or 
by using the equation of this, which is linear in form. The 
calibration curve is reproduced in the figure and shows the 
linear relation between color strength and silver content. 


COMPARISON OF COLORIMETRIC AND GRAVIMETRIC METHODS. 


Although the calibration curves for the microcolorimetry 
of silver as sulfide demonstrate its accuracy for the determina- 
tion of silver from silver nitrate (or sulfate), it might be 
possible that the compensation introduced by the blank film 
was not sufficient to guarantee that the method is satisfactory 
for silver images. We made, therefore, a direct comparison 
of the silver per unit area on large film pieces of 3 different 
densities (a) by the colorimetric method, (b) by dissolving the 
silver, depositing electrolytically, and weighing. The density 
measurements were checkered over each sheet; they were 
very uniform ® and the averages taken. 


TABLE II. 
: A f .A 

No. | Density. Method. Aaalyais. a n ag 

I 0.53 (b) gravimetric 440 cm.? 0.0112 
(a) microcolor. .507 cm.? .O109 

2 1.05 (b) gravimetric 450 cm.? .0187 
(a) microcolor. .567 cm.? OIQI 

3 1.97 te) gravimetric 460 cm.? .0271 
a) microcolor. .567 cm.? .0276 


These results and others show that the microcolorimetric 
method gives results agreeing well with a direct gravimetric 
method applied to the developed silver image. The limit to 
which the micro-method with silver sulfide could be used 
was estimated as follows: 


Amount of : Reading Per Cent. 
Silver. p, Reading. Per Cent. Error. 

0.001 mg 0.01 2.55 mm + 10 
0025 mg 04 3.00 mm 0.01 +0.5 
OI mg 10 5.00 mm OI +0.2 


46 For density measurements see later. 
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Below 0.0025 mg. silver the uncertainty of reading and com- 

parison increases very rapidly and, while determinations can 

be made down to 0.001 mg. silver, the uncertainty is too large 
for the values to have much significance. 
DENSITY MEASUREMENTS. 

The accuracy with which the ratio D/M can be determined 

depends equally upon the accuracy of the silver analysis and 

upon that of the density measurements. The subject of 


Fic. 6. 


Arrangement of Martens photometer as densitometer. 


densitometry and the differences between instruments have 
been very fully discussed in recent years, yet without any 
complete agreement on standardization being reached.’* In 
the present case, and for the preliminary measurements here 
submitted, the method was as follows: density D.: was read 
in contact with opal glass on a Martens photometer (Fig. 6). 


16 Phot. J., 49, 164 (1925). 
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This instrument was carefully calibrated against the Jones 
densitometer,” and after some readjustment brought to agree 
with the Jones instrument up to a density of 4.70, supple- 
mentary density being used above 2.5. 

The area of plate or film covered by the Martens instru- 
ment is about 0.2 mm.?. Four readings were taken at dif- 
ferent points over the area of ca. 0.6 mm.?, and the average 
used. It is planned in some further work on the subject to 
integrate the whole area optically and further correlate both 
the projection density and the diffuse density with mass of 


silver. 
EXPERIMENTAL RESULTS. 


Results with Eastman Commercial film and Process film 
are given in the following tables and curves. The developer 
used was: 


p-Aminophenolhydrochloride...............06- 0.7275 gm. 

Sodium sulfites: sc sc esis vewencseekscecewawes 5 gms. 
Soditim carbonates: 64.024 raoe ua cece eeke's 5 gms 
Wallets E a a ered ASA to 100.0 C.C. 


The temperature was 25° C. and the films were brushed by 
hand during development. After fixing and washing they 
were dried and kept at constant humidity R. H. 50 per cent. 
at 70° F. The following tables summarize the results. 


u L. A. Jones, J. Opt. Soc. Amer., 7, 231 (1923). 
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TABLE IIT. 
Series 47.—Process No. 8103. P. A. P. Developer. 


C. P. = Cov. Power = - : 


P. E. 
I min. development. 2 min. development. 
No. 
Ag per Ag per 
Log E Dens 100 sq. cm C. P. | Log E Dens 100 sq. cm C. P 
in mgs. in mgs 
I 0.0 0.09 2.12 42.5 0.0 0.21 4.58 45.8 
2 3 2I 3-70 55-9 3 35 7-58 40.9 
3 6 34 6.00 55-9 6 53 11.65 45.4 
4 9 52 7-93 65.4 9 89 14.9 59.8 
5 1.2 68 9.08 74.6 1.2 1.13 17.55 64.5 
6 1.5 80 10.15, 78.8 1.5 1.34 19.7 68.0 
7 1.8 93 10.93 84.7 1.8 1.58 21.3 74.6 
8 2.1 1.07 11.8 93-5 2.1 1.87 23.1 81.2 
9 2.4 1.14 12.95 87.0 2.4 2.07 23.4 88.4 
4 min. development. 8 min. development 
I 0.0 0.38 9.17 41.5 0.0 0.62 16.7 37.0 
2 3 6 13.2 7 3 -93 21.7 42.9 
3 6 89 18.45 48.3 6 1.16 25.6 45.5 
4 9 1.47 26.6 55.2 9 1.59 34-4 46.3 
5 1.2 1.83 32.6 56.8 1.2 2.28 45.0 50.8 
6 1.5 2.26 37.4 60.6 1.5 3.11 53.8 57.8 
7 1.8 2.82 39.8 70.9 1.8 4.15 62.8 66.2 
8 2.1 3.18 41.6 76.3 
9 2.4 | 3.82 45.8 83.3 
TABLE III (Continued). 
Series 47.— Continued. 
16 min. development. 
No. 

Log E. Dens. Ag per 100 sq. cm. in mgs. C. P. 

I 0.0 1.01 29.4 34.3 

2 3 1.31 36.7 35-7 

3 6 1.62 42.8 38.0 

4 9 2.22 51.2 43.5 

5 1.2 2.91 59.2 49.0 

6 1.5 3.84 66.5 57.8 
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TABLE IV. 
Series No. 85.—Comm. Film, P. A. P. Non-Intermittent. 


I min. development. 2 min. development. 
No. 
Mass Ag Mass Ag 
Log E. | Dens. mgs. per C. P. | Log E. | Dens. mgs. per C. P. 
100 8q. cm 100 8q. cm 
I 0.0 lost 
2 3 0.14 2.6 53-7 0.3 0.15 3.03 49.5 
3 6 .27 4.3 63.5 6 -27 4.85 55-5 
4 9 .36 5.7 62.9 9 42 8.15 51.6 
5 1.2 .48 6.76 70.9 1.2 .60 11.96 50.2 
6 1.5 61 8.1 76.7 1.5 81 11.2 71.4 
7 1.8 .76 9.7 78.7 1.8 1.02 13.5 75.2 
8 2.1 .88 9.6 92.5 2.1 1.23 14.9 82.6 
9 2.4 2.4 1.48 15.9 92.6 
4 min. development. 8 min. development 
I 0.0 0.15 3.2 46.7 0.0 0.23 6.24 36.8 
2 3 25 5.37 46.5 3 35 9.0 38.8 
3 6 41 8.3 49.3 6 54 13.5 40.0 
4 9 59 12.8 46.2 9 81 18.4 44.1 
5 1.2 85 16.0 53-2 1.2 1.09 23.4 46.5 
6 1.5 1.19 21.0 56.8 1.5 1.50 28.6 52.4 
7 1.8 1.55 25.7 60.2 1.8 1.86 34.7 53.7 
8 2.1 1.85 30.9 59.9 2.1 2.32 41.2 56.2 
9 2.4 2.32 34.7 67.1 2.4 2.84 45.6 62.5 
Io 2.7 3.36 50.4 66.7 
TABLE IV (Continued). 
Series No. 85.—Continued. 
16 min. development. 
No. 
Log E. Dens. Ag Mass mgs. per 100 sq. cm. C. P. 
I 0.0 0.32 11.6 27.6 
2 3 48 16.3 29.5 
3 6 72 lost 
4 9 25.5 38.8 
5 1.2 1.31 31.9 41.1 
6 1.5 1.66 37.2 44.7 
7 1.8 2.11 44.0 48.1 
8 2.1 2.63 48.5 54.4 
9 2.4 3-22 95-3 57.2 
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TABLE V. 
Series 86.—Comm. Film, P. A. P. 


2 mn. development. 4 min. development. 
No. 
Mass Ag Mass Ag 
Log E. | Dens. in mgs. per C. P. Log E. | Dens. in mgs. per C. P. 
100 sq. cm. 100 sq. cm. 
I 0.0 0.0 0.13 2.95 44.1 
2 3 3 .23 5.2 44.3 
3 6 0.25 4.85 51.5 6 35 8.14 43.0 
4 9 40 7-3 55-0 9 „55 12.3 44.7 
5 1.2 57 10.0 57.2 1.2 .79 16.3 48.5 
6 1.5 76 11.8 64.5 1.5 1.10 20.8 52.9 
7 1.8 99 13.5 73.0 1.8 1.43 24.1 59.5 
8 2.1 1.19 14.4 82.6 2.1 1.68 26.5 63.3 
9 2.4 1.40 15.9 86.7 2.4 2.29 28.8 79.3 
10 2.7 1.56 17.1 90.9 
& min. development. 16 min. development. 
I 0.0 0.20 4.94 40.5 0.0 0.27 8.5 27.1 
2 3 32 8.32 38.5 3 42 12.8 32.7 
3 6 .49 11.7 41.8 6 63 17.7 35.6 
4 9 -70 17.3 40.3 9 89 23.2 38.3 
5 1.2 .99 20.8 47.6 1.2 1.18 28.9 40.8 
6 1.5 1.36 26.3 51.8 1.5 1.51 34.7 43.6 
7 1.8 1.73 32.9 52.6 1.8 1.97 43.1 45.7 
8 2.1 2.19 41.8 52.4 2.1 2.50 49.2 50.7 
9 2.4 | 2.69 46.8 57.4 | 2.4 | 3.05 - §4.8 55-5 
10 2.7 3.20 §0.2 63.7 2.7 3.59 61.0 57.8 
TABLE VI. 
Series &7.—Process Film, P. A. P. 
I min. development. 2 min. development. 
No. 
Mass Ag Mass Ag 
Log E. | Dens. mgs. per C. P. | Log E. | Dens. mgs. per C. P. 
100 sq. cm. 100 sq. cm. 
3 0.6 0.07 0.95 73-5 
4 0.9 0.06 0.87 69.0 9 AS 1.73 87.0 
5 1.2 14 2.0 70.4 1.2 .28 3.81 73-5 
6 1.5 .26 3.64 71.4 1.5 .50 7.8 64.1 
7 1.8 -45 6.24 71.9 1.8 82 12.6 64.9 
8 2.1 .65 8.24 78.7 2.1 1.16 16.8 69.0 
9 2.4 84 10.0 83.4 2.4 1.49 20.5 72.5 
10 2.7 1.02 11.8 86.2 2.7 1.71 23.2 73-5 
4 min. development. 8 min. development 
2 0.3 0.16 3.12 51.3 
3 0.6 0.13 2.0 65.3 6 .26 5.2 50.0 
4 -9 25 4.16 60.2 9 44 8.5 51.8 
5 1.2 45 7.5 60.2 1.2 .72 13.7 52.6 
6 1.5 76 12.0 63.7 1.5 1.15 21.0 54-9 
7 1.8 1.12 18.4 60.9 1.8 1.54 28.6 54-9 
8 2.1 1.52 26.2 58.0 2.1 2.06 36.4 56.5 
9 2.4 2.09 34-7 60.2 2.4 2.59 45.I 57-4 
IO 2.7 2.65 41.2 64.1 2.7 3.26 51.3 63.7 
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TABLE VI (Continued). 
Series 87.— Continued. 


16 min. development. 


No. 
Log E. Dens. Mass Ag mgs. per 100 8q. cm. C. P. 
2 0.3 0.34 7.46 51.8 
3 6 -44 10.6 41.7 
4 9 65 17.5 37.2 
5 1.2 1.00 23.9 41.8 
6 1.5 1.50 35-9 41.8 
7 1.8 1.96 42.3 46.3 
8 2.1 2.50 50.4 49.5 
9 2.4 3.11 58.6 53.2 
10 2.7 3.74 66.6 56.2 

TABLE VII. 


Series No. 80.—P. A. P. Comm. Film. Non-Intermittent. 


I min. development. 2 min. development. 
No. Mass Ag 
Log E. | Dens. 100 8q. cm. C: P. 
in mgs. 
I 0.0 0.38 6.7 55-9 
2 3 47 7.6 62.1 
3 6 62 8.46 73.0 
4 9 73 9.26 78.7 
5 1.2 89 10.25 87.0 
6 1.5 1.07 11.5 93.4 
7 1.8 1.22 11.8 103.0 
8 2.1 1.34 12.35 109.0 
9 2.4 1.45 12.2 118.0 
& min. development 

I 0.0 0.56 12.8 43.8 
2 3 -79 16.0 49.2 
3 6 1.07 18.9 56.6 | 0.6 1.39 28.4 49.0 
4 9 1.33 20.0 66.6 9 1.83 33.5 54.6 
5 1.2 1.62 21.7 75.2 1.2 2.23 41.1 54.3 
6 1.5 1.95 24.5 79.3 | 1.5 2.72 45.0 6 
7 1.8 2.32 26.3 88.5 1.8 3.20 49.8 64.1 
8 2.1 2.60 28.4 g1.8 | 2.1 3.7 53-4 69.4 
9 2.4 2.87 28.4 100.0 
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TABLE VII (Continued). 


Series No. 80.—Continued. 


16 min. development. 


No. 

Log E. Dens. Mass Ag 100 sq. cm. in mgs. C. P. 

2 0.3 1.32 30.9 42.7 

3 6 1.78 37.0 48.0 

4 9 2.17 45.8 47-4 

5 I.2 2.71 52.4 51.8 

6 1.5 3.32 59.6 55.8 

7 1.8 3.89 60.3 64.0 

TABLE VIII. 
Series 00. 
I min. development. 2 min. development. 
No. Ag per Mass Ag 
Log E Dens 100 sq. cm C. P Log E Dens 100 sq. cm C. P 
n mgs in mgs 
I 0.0 0.20 3.12 64.0 | 0.0 0.36 6.58 54.3 
2 3 26 4.24 61.4 3 50 8.75 57.2 
3 6 36 5.02 71.5 6 10.1 68.0 
4 9 44 5-55 81.3 9 90 11.8 76.3 
5 1.2 54 5.98 90.0 1.2 I.II 13.0 88.5 
6 1.5 64 6.41 100.0 1.5 1.35 14.1 95.2 
7 1.8 76 7.11 107.5 1.8 1.51 14.4 105.0 
8 2.1 85 7.63 III.O 2.1 1.68 15.2 II1.0 
4 min. development. & min. development. 

I 0.0 0.48 10.3 46.5 0.0 0.66 15.9 41.5 
2 3 71 15.2 46.5 3 1.00 21.0 47.6 
3 6 1.03 19.2 53.5 6 1.45 29.6 49.0 
4 9 1.37 22.4 61.4 9 1.92 37.5 51.3 
5 1.2 1.69 24.6 69.0 1.2 2.51 44.9 55.9 
6 1.5 2.04 28.3 72.4 1.5 3.06 49.2 62.1 
7 1.8 2.38 29.5 80.6 1.8 3.56 52.8 67.1 
8 2.1 2.70 30.7 87.7 2.1 4.07 54.6 74.6 


GRAPHICAL REPRESENTATION. 


There are several ways in which the analytical results can 
be graphically represented. We may in the first place plot 
the covering power, or its reciprocal, the photometric equiva- 
lent, against density. In this case, the present results show 
that this should be done for equal times of development, since 
exposure and development may not give the same covering 
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power. If the covering power were independent of exposure 
and development, all these values should fall on a straight 
line parallel to the abscissa. Under these conditions, more 
information is given by separating exposure and development 
effects. In Figs. 7, 8, 9 and 10 is shown the covering power 
D/M plotted against log E and against time of development 
respectively. 

For the two emulsions studied here, the covering power 
decreases with time of development; this obtains for every 
exposure. The rate of change becomes less as the time of 
development increases, and there is some tendency for the 
curves for different exposures to run parallel. The fall in 
covering power with development is in agreement with the 
increase in average size of development grain. | 

The values of covering power plotted against log (expo- 
sure) show a distinct tendency to give straight lines, which 
become nearer together as development proceeds. The cover- 
ing power tends to increase with increased exposure. 

This effect is probably due to the selective action of exposure 
upon the larger grains,’ i.e., to the higher average sensitivity 
of the larger grains in the same emulsion. We should expect, 
therefore, that the variation of covering power would be less, 
the more homogeneous the emulsion in regard to grain size, 
and this is being studied further. 


CHEMICAL DYNAMICS OF DEVELOPMENT. 


It is obviously possible to disregard the optical density 
and plot the mass of silver per unit area as a function of time 
of development, and of exposure (or log E). Examples are 
given in Figs. 11 to 16 and Figs. 17 to IQ. 

The formulation of equations for the reaction velocity 
will require modifications in the light of these results, but 
requires further data over a wider range of emulsions, de- 
velopers, and development times. It is, however, sufficiently 
evident that development ® is a pronouncedly topochemical 
reaction, in the classificatory sense proposed by V. Kohl- 


18 Wightman, Trivelli and Sheppard, Phot. J., 49, 134 (1925). 
19 And to some extent the formation of the latent image itself. 
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schiitter.% A study of the covering power in relation to the 
microscopy of development is in progress. 


EMULSION DIFFERENCES. 


It should be pointed out here that the rapid fall in the 
photometric equivalent with increasing density due to expo- 
sure found in the two emulsions reported may not be generally 
characteristic. In some earlier experiments on the problems, 
in which large plates were used, exposed for increasing times, 
and developed nearly to y, the fall in the photometric equiva- 
lent became notable only after a fairly high density was 
reached. 

Note: The exposures were not made on a pure time scale, 
but partly by increasing time, partly by intensity. Also the 
time of development was longer for the last two values. 

These results are much more nearly in line with the earlier 
ones of Hurter and Drifheld, Sheppard and Mees, and the 
more recent ones of Scheffer and Meidinger. 


20 Zeits. anorg. Chem., 105, 35 (1918). Lieb. Ann., 390, 340 (1912); ibid., 
387, 80 (1912). 
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TABLE IX. 
Eastman 33. Eastman 40. 
Density. P. E. Density. P. E. 

om 0.44 0.0194 0.22 0.0198 
B 53 .0197 43 .0207 
o .96 .0192 .82 .0202 
p 1.08 .0188 

ô 1.90 .0196 

= 2.00 .0179 2.27 .0209 
Se 

E 2.75 .0164 

2 3.69 0159 3.18 .0166 
a 4.47 ..0149 3-95 .0163 
: 4.64, .O140 


COVERING POWER OF FOG DEPOSITS. 
The fact however that the covering power of the developed 
silver can be enormously affected by the factors, 
grain size — sensitivity — exposure — development, 


is very clearly brought out by an investigation of the covering 
power of ‘‘development fog” at different times of develop- 
ment. 


TABLE X. 
Emulsion. ; Commercial Film. 
Time of 
Development. 
Density. Gms. Ag P. E. C. P. 
per 100 cm.? 
32 mins. 0.35 0.010 0.029 34.5 
64 “ 78 .025 .032 31.2 
128 “ 1.24 .058 .047 21.3 
256 “ 1.34 .066 049 20.8 
1024 “ 1.34 .078 058 17.2 
Original emulsion 0.083 


It will be seen that nearly the whole of the silver was 
finally reduced, but with a final density of only 1.34. Yet on 
sufficient exposure to light this same amount of silver gave 
a density approaching, or greater than, 6.00. From the 
figures in Table IV, it will also be seen that the developed 
image might have a covering power of 8o, that is, up to 5 
times as great as that of the “fog.” 
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This effect cannot be due entirely to the “selective effect” 
by which fog commences more readily in the larger grains * 
but must also be connected with the influence of the individual 
rate of reduction of the grain, according to which, the slower 
the reduction, the more compactly the silver is deposited. 


CHARACTERISTIC CURVE. 


It is evident that the characteristic curve is still of the 
same form as when density is plotted, but the relations of a 
family of curves for different times of development may be 


FIG. 20. 


DENSITY AND EXPOSURE 


DENSITY 


very different. From the results at present obtained, there 
appears a more pronounced tendency for the D: log E curves 
to give a common point of convergence of the straight line 


2 Cf. E. P. Wightman, A. P. H. Trivelliand S. E. Sheppard, Phot. J., 49, 134 
(1925). 
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portions than for the M: log E curves. (Compare Figs. 11 
to 16 with Figs. 20 and 21.) 


ROCHESTER, N. Y., 
August 22, 1927. 


690 CURRENT TOPICS. (J. F. I 


Extraction of Volatile Oils.—U. S. Department of Agriculture, 
Technical Bulletin 16-T. Methods for extracting the volatile oils 
or, as they are sometimes called, the essential oils from various 
species of plants are divided into three main classifications, according 
to Arthur F. Sievers of the United States Department of Agriculture, 
author of a new pamphlet dealing with production of these oils in 
the United States, and particularly with the steam distillation of 
the oils which is the principal method used in the United States. 

Extraction by solution is the method used for obtaining some 
of the more delicate odors, principally those of flowers, and the prod- 
ucts are used mainly in the compounding of high-grade perfumes. 

Extraction may also be achieved by expression, particularly of 
orange, lemon, and bergamot oils. As used in Europe, this method, 
too, demands an ample supply of cheap skilled labor, not available 
in the United States. 

Turpentine distilling is the most important example of essential 
oil production by steam distillation, but since there are a number 
of separate publications on this industry, it is not covered in this 
bulletin. Next to turpentine, peppermint oil constitutes the largest 
volatile-oil industry in the United States, with an annual production 
of from 350,000 to 400,000 pounds. The principal production 
areas are in Michigan, Indiana, and on the Pacific coast. On the 
average, an acre of mint produces about 30 pounds of the essential 
oil, which is used largely as a flavoring agent for candies, chewing 
gum and tooth-pastes. It possesses medicinal qualities and is 
used extensively in medical practice. 

In addition to peppermint, the crops cultivated for oils include 
spearmint, Japanese peppermint, which yields an oil rich in menthol, 
American wormseed, cultivated principally in Maryland, and worm- 
wood, tansy, and dill. 

Other oils of more or less commercial importance listed are 
sassafras, wintergreen, sweet birch, erigeron, witch-hazel, euca- 
lyptus, and pennyroyal, which are extracted from wild plants, and 
for the most part on a relatively small scale, which in some cases 
is being reduced as the supply of available material decreases. 

Distillation of the oils requires three principal pieces of apparatus 
—a boiler to generate steam, a retort where the plant material is 
subjected to the steam, and a condenser for the condensation of 
the steam and oil mixture. Receptacles are provided in which the 
condensed steam and the oil separate by gravity, after which the oil 
is purified by appropriate processes. Plant material which cannot 
be easily packed may first be crushed or chopped before it is loaded 
into the retort. 

The bulletin also includes suggestions and drawings for the 
design and construction of volatile-oil stills in both experimental 
and commercial sizes. 


ON THE STATE AND SPECIFIC HEAT OF GASES AT 
INFINITE VOLUME. 


R. D. KLEEMAN, B.A., D.Sc. 


§ 1. Matter is in the Atomic State when the Density is 
Infinitely Small. 

A pure substance of molecules az is in equilibrium with 
atoms a according to the mass action equation 


KC, = Cè, (1) 


where Ca, denotes the concentration of the molecules az, 
and C, the concentration of the atoms. Hence the smaller 
the concentrations the smaller the fraction Ca, becomes in 
comparison with the fraction Ca. At infinite volume Cy, is 
therefore zero, or the atoms are in the free state. In the 
case of complex molecules in equilibrium with molecules of 
the type az, be, ---, the uncombined molecules az, bo, -> 
will, according to the foregoing equation, decompose into 
atoms at infinite volume. The complex molecules will then 
be formed from free atoms according to a mass-action equation 
resembling equation (1). Hence the concentration of these 
molecules also will be zero, or all the atoms will be in the free 
state. This result may be obtained by another method which 
is instructive. | 
The thermodynamical quantity known as the maximum 
work A of a mass of matter has the property that if the 


volume v and the masses Ma, Me, --- of the constituents 
a, b, «++. are each increased n times, its value is increased n 
times. It will therefore have the functional form 
A = Mave ( T, Z, He, +) 
v vv 
M. M 2 
+ Mw ( T, : se) (2) 


+ M.¢.(T) + M,¢.(T) T -eta 
691 
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where T denotes the absolute temperature. At infinite 
volume the maximum work has a value obtained by writing 
v = œ in the foregoing equation. The value of the maximum 
work of the isolated constituent a is obtained by writing 
v= œ and M, = 0, M. =0, ---, and so on for the other 
constituents. The values of the functions Ya, Wo, «++ are 
evidently the same in each case, and the maximum work of 
the substance is therefore an additive property of its con- 
stituents. This signifies that no external work would be 
done on mixing the constituents at infinite volume, or the 
number of molecules would not be changed. Similarly it 
can be shown on obtaining an equation for the internal 
energy similar to (2) that no change in internal energy takes 
place on mixing. Hence the nature of the molecules, besides 
their number, remains unchanged on mixing. And since no 
combination takes place between different molecules, we 
would expect that this should also hold for the atoms of a 
pure substance. 

§ 2. The Specific Heat of Atoms at Infinitely Small Con- 
centrations as affected by the Heat of Evaporation being Zero 
at T = 0. 

The writer ! has shown that the adiabatic of zero entropy 
corresponds to T = o, or to zero temperature. Hence 


L+o _ 


at T = o, where L denotes the internal heat of evaporation, 
and w the external work done during evaporation. Since 
T = o and w = RT, it follows that 


L=o. (4) 


Another proof of this remarkable result may be based on 
Clapeyron’s equation 


L=(TH- ) © =o, (5) 


1 J. Phys. Chem., 31, 940 (1927). 
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where v, and v, denote the volumes of the vapor and the 
condensed phase respectively at the pressure p and tempera- 
ture T. The equation may be written 


et SERS eee ee 
PA V1) L rib 3 (6) 
dT 


The factor of Z is indeterminate in form at the absolute zero 
of temperature, since p = o and T =o. Its value may be 
obtained by successive differentiations of numerator and 
denominator, or we may suppose that near T = 0 we have 
p = aT”, which gives a finite value for the factor. Therefore 
since p(vz — vı) = RT =0, we have L = o. This result will 
be used presently. 

It is of importance and interest to notice that the alternate 
way of obtaining L = o corresponds to establishing in an 
entirely different way the result quoted that the adiabatic of 
zero entropy corresponds to J = o. It can then easily be 
further shown that the zero of internal energy must lie on 
this adiabatic, and that it corresponds to the substance being 
in the condensed state under the pressure of its vapor, a 
-result established in a previous paper.’ 

We will now pass a substance initially at T = o under 
the pressure of its vapor, which is zero, through the following 
cycle, and equate to zero the change in internal energy: 
Thus let us: (a) evaporate the substance giving rise to an 
increase in internal energy equal to L, which is zero (Equation 
(4)); (b) raise the temperature of the vapor to Tm, at which 
the internal heat of evaporation begins to be finite and has 
the value Lm. The increase in internal energy is CoTm, 
where C» denotes the average specific heat of the vapor 
between o and Tm; (c) condense the vapor, which gives rise 
to an increase in internal energy equal to — Lm; (d) lower 
the temperature of the substance in contact with its vapor 
to zero. This gives rise to an increase in internal energy 
equal to — C7, where C denotes the average internal 
specific heat of the condensed substance between o and Tm. 


2 J. Phys. Chem., 31, 747-756 (1927). 
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On equating the change in internal energy to zero, and 
remembering that L = o, we obtain 


TC. ao La n TmC = 0. (7) 


Now Tm at the most has a value of several degrees (see 
(b)), Lm is of the order of several thousand calories per mol; 
therefore if C is normal, the internal specific heat Ce of the 
vapor has an average value of several hundred calories over 
the range of temperature from o to Tm. Specific heat 
measurements so far have not yet brought to light any 
abnormally large values of C for substances, and C.e has 
therefore in most cases abnormally large values near the 
absolute zero of temperature. 

§ 3. The Specific Heat of Atoms at Infinitely Small Con- 
centrations as affected by the Instability of the Condensed State 
at or near the Absolute Zero of Temperature. 

Suppose that a substance in the condensed state has its 
temperature decreased to the absolute zero of temperature, 
and that the amount of heat given out during the process is 
not equal to the controllable internal energy. In that case 
the substance will finally not be under zero pressure of its 
vapor, since that state ? corresponds to the zero of internal 
energy. The pressure will therefore not be zero, but might 
be quite large. On, however, allowing the substance to 
expand adiabatically and doing external work, its internal 
energy would be further reduced, and would finally be zero, 
which state would correspond to the substance being under 
zero vapor pressure. No change in temperature would take 
place during the expansion since we have seen in § 2 that 
the adiabatic of zero entropy corresponds to T = o. Hence 
if the thermodynamical equation 


Sa. Bee PD; (8) 


where u denotes the internal energy at the volume v, pressure 
p, and temperature T, is applied to this expansion, we obtain 


ðu = — p-dv, (9) 
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since T = o, or the decrease in internal energy is completely 
transformed into external work. The writer has already 
shown ê that white tin behaves in this manner. We will see 
presently that there are besides other substances belonging 
to this class. 

Let us carry out a cyclic process in this connection. 
Suppose that on lowering the temperature of the condensed 
substance it becomes unstable before zero temperature is 
reached at the temperature T.. Now let us: (a) apply a 
pressure to the substance to keep its volume constant, and 
lower its temperature to zero. The increase in internal 
energy is equal to — T.C., where C, denotes the average 
internal specific heat of the condensed substance between 
o and 7,; (b) allow the substance, which is at T = 0, to 
expand adiabatically till its pressure is zero. Let — u denote 
the increase in internal energy; (c) allow the substance to 
evaporate. The internal heat of evaporation is zero since 
T = 0; (d) increase the temperature of the saturated vapor 
to 7,. The increase in internal energy is equal to 7,C,, 
where C,, denotes the average internal specific heat of the 
vapor between o and 7,,; (e) condense the vapor, which 
gives rise to an increase in internal energy equal to — Ly, 
where L, denotes the internal heat of evaporation at the 
temperature T.. 

On equating the change in internal energy to zero we 


obtain 
— TCs —u+T,C, —L,=0 


Ca = ats + C. (10) 


or 


If T, is zero, L, is zero, and since u is finite, u/T,, is infinite 
under these conditions. But this is inadmissible, and hence 
T., the temperature at which instability begins, cannot be 
zero. In other words, if a substance is liable to become 
unstable and develop a high pressure on sufficiently lowering 
the temperature, this will take place at a temperature which 


3 J. Phys. Chem., 31, 1669-1673 (1927). 
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is always above zero. Hence, since L, amounts to several 
thousand calories per mol, and the value of u is unrestricted, 
the value of the right-hand side of the equation may amount 
to hundreds of calories, since 7, in most cases is not likely 
to be very large. The specific heat of the vapor of the 
substance would, under these conditions, be abnormally large 
over a region of temperatures adjacent to the absolute zero. 

We have already seen that white tin belongs to this class 
of substances.’ A few others will now be considered. The 
heats of formation, or the heats given out by substances in 
being formed from their elements, for the substances H20, CH, 
and NH; per mol in the gaseous state at room temperature 
are about 57,880, 18,300, and 9,500 cals. respectively. The 
heat is derived from the internal energies of the elements, 
and therefore, for example, the sum of the internal energies 
of the elements of a mol of H:O is larger than 57,880 cals. 
Now the writer has calculated the internal energies of mols 
of Hz, C, O: and Ne under the pressure of one atmos. at 
298° K. from the data used by G. N. Lewis‘ for calculating 
the entropies, and obtained the values 1,100, 45, 2,980, and 
3,090 calories respectively. But according to the above heats 
of formation these internal energies are very much too small. 
We conclude therefore that these substances become unstable 
in the condensed state at certain temperatures (probably 
quite near to T = 0), and if cooled to zero at constant 
volume will then have to be allowed to expand before their 
zeros of internal energy are reached. The change in internal 
energy — u that takes place during the latter process in these 
cases will evidently be quite large, i.e., of the order of 
thousands of calories. Therefore the specific heat of these 
substances at infinitely small concentrations will be ab- 
normally large near the absolute zero of temperature. 

§4. The Specific Heat of Atoms at Infinitely Small Con- 
centrations as affected by their Forming Molecules at Finite 
Concentrations. 

In a previous paper? the writer has shown that the 


1J. Am. Chem. Soc., 39, 2554 (1917); 44, 1008 (1922). 
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controllable internal energy of a substance is zero when it is 
in the condensed state under its vapor pressure at the absolute 
zero of temperature. Since we have just seen that the 
internal heat of evaporation is zero at T = o (§ 2), it follows 
that the internal energy of the vapor is also zero at T = o. 
The internal energy u, of a substance at infinite volume at 
the temperature T may therefore be written 


Ua = TC,,; (11) 


where C.» denotes the average specific heat at constant 
volume between the temperatures o and T. Now suppose 
that the substance, which is in the atomic state since its 
volume is infinitely large (§ 1), is compressed at the constant 
temperature T till its volume is finite and that the atoms 
now form molecules with a decrease in internal energy equal 
to Au. This decrease in energy takes place at the expense of 
the internal energy of the substance in the atomic state. 
Hence by the help of equation (11) we have 


Au < TC. 


An interesting case in this connection is hydrogen. At a 
temperature of 300° K. a mol. of hydrogen at a finite volume, 
we know, consists of molecules H». The heat of formation 
of a mol. of H: from its atoms, or the heat evolved, is equal 
to about 80,000 cals. This is equal to the value of Au in the 
foregoing inequality, and since T = 300, the average value 
of the specific heat of atomic hydrogen at infinitely small 
concentration between o and 300° K. is greater than 266 cals. 
Actually it will be much greater at certain temperatures. 

We thus have three effects which are responsible for the 
vapor of a substance at infinite volume possessing abnormally 
large values of the specific heat, especiallv near the absolute 
zero of temperature. The effect described in § 2 occurs with 
every substance; the effect described in § 3 occurs only with 
substances that become unstable and exert a considerable 
pressure at a certain temperature; and the effect described 
in this Section occurs only with atoms that may form com- 
pounds with a considerable evolution of heat. 


698 R. D. KLEEMAN. [J. F. I. 


§ 5. Changes Assoctated with Abnormally Large Values of 
the Specific Heat. 

If a substance at constant infinite volume has a specific 
heat of about a thousand calories, as we have seen may 
easily happen, this must be associated with very pronounced 
changes in the electronic configuration of the atoms with 
change of temperature. These changes may conceivably be 
associated with very pronounced changes in the physical and 
chemical properties of the atoms. They may also be associ- 
ated with the emission of electromagnetic radiations since in 
the rearrangement of the electrons some must fall through 
very high potentials. It is not improbable that the cosmic 
radiation, which in this country has been exhaustedly studied 
by Millikan 5 and his associates, and which has a penetrating 
power considerably greater than that of the y rays of radium, 
is of this origin. The interstellar space must contain atoms 
of H, O, N, etc., whose temperature is probably very low, 
and whose further decrease might give rise to the radiation in 
question. Since the upper layer of the atmosphere must 
consist of matter in the atomic state at a low temperature, 
this would be a special source of the radiation. If the 
greater part of the radiation came from this layer, it can 
easily be shown that the radiation coming in horizontally to 
the Earth’s surface is more intense for a given solid angle 
than that coming in vertically. It would be of great interest 
and importance if experiments were carried out to test this. 

SCHENECTADY, N. Y. 


$ Phys. Rev., 28, 851 (1926). 


A CAPACITY MEASUREMENT METHOD. 


BY 
WALTER VAN B. ROBERTS 
Engineer, Radio Corporation of America. 


Let S of Fig. 1 be a calibrated condenser and X an un- 
known capacity (less than the maximum value of S). The 
oscillator is constructed with suitable precautions to insure a 
reasonable constancy of frequency and is built to oscillate at 
say 608 kilocycles. The coil connected to S is of as low 


FIG. I. 


Oscillator 


oe ta, 


—_ 
——, 
—- 
— 


Hetero 
dyne 


resistance as conveniently possible and of such inductance as 
to tune its circuit to the oscillator frequency with X dis- 
connected at its live terminal and S somewhere near maximum. 
The heterodyne is adjusted to give any desired beat fre- 
quency in the output of a radio receiver located in the 
vicinity. 

It is easy to obtain, inside of a few moments’ juggling with 
the value of the mutual inductance M and the amount of 
feed back in the oscillator circuit, a condition where the 
following occurs: as S is increased a point is passed where 
the beat note changes discontinuously to a different pitch. 
If S is then decreased, the discontinuity in pitch reoccurs, 
this time at a value of capacity S slightly smaller than before. 
By careful adjustment of M these two critical values of S can 
easily be brought within a half of one micromicrofarad of each 
other. From now on no further adjustment need be made of 
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the apparatus, and the value of capacity X is determined as 
follows: with X disconnected note critical capacities of S. 
Then with X connected note the critical capacities of S. The 
capacity of X is the difference between the mean of the first 
pair of critical capacities and the mean of the second pair. 
(Unless the utmost precision is sought it would be enough 
to use only one of the pair of critical values, say the greater 
value, in each case. It is obviously necessary to avoid any 
change in wiring or other stray capacities when X is con- 
nected.) 

The advantages of this method are: first, its accuracy, as 
the critical value can be read to less than a tenth of one 
micromicrofarad reproducibly. Secondly, the ease of finding 
the critical capacities, as the frequency jump occurs exactly 
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at one setting and only at that setting. And thirdly, the 
simplicity of the apparatus, as excellent results can be had 
with the simple oscillator arrangement of Fig. 1 while the 
heterodyne can be dispensed with entirely by using the 
carrier of some broadcast station and adjusting the oscillator 
to form beats.! Incidentally it makes no difference to the 
results if the heterodyne frequency is not constant. 

By observing the variation of the beat note (when the 
heterodyne frequency is adjusted considerably below the 
oscillator frequency) it will be found that the effect upon 


1 If possible, however, it is much preferable to work with lower frequencies 
throughout, say about 50,000 cycles, in order to minimize the effects of the 
unavoidable inductance of the wires connecting S to X. 
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oscillator frequency produced by varying S is qualitatively as 
shown in Fig. 2. This could have been predicted by con- 
sidering the variation of effective reactance of the oscillator 
coil caused by its coupling to the circuit containing S, to- 
gether with the possible oscillation frequencies in coupled 
circuits. 

The method has been found useful in calibrating variable 
condensers. In this case it is only necessary to disconnect 
the condenser once in a while to make sure the critical values 
of S with the condenser disconnected have not changed due to 
a slow drift in oscillator frequency. It is also possible to 
calibrate condensers whose capacity exceeds that of S by 
starting with another capacity in parallel with S (or an 
inductance in series with the coupling coil) and taking it 
out when S cannot be reduced any further, and getting, from 
this point on, not the actual capacity of X, but the increases 
above the last measured actual value. 

This method, which I will call the method of discontinuity 
(as contrasted with null methods or methods of adjusting to 
a maximum or minimum of something), could obviously be 
used equally well for comparison of inductances with a 
calibrated standard, and probably in many other cases where 
an indication of resonance is required. 
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Fog-Dispelling Methods Too Costly for Commercial Use. 
(U. S. Department of Agriculture, Clip Sheet, No. 510.) Attempts 
to dispel fog by artificial means have not proved successful, says 
the Weather Bureau. Many different schemes have been advanced, 
but the places that have always been notorious for fogs still have 
them. Years ago Sir Oliver Lodge thought he had solved the 
problem by installing an electric contrivance on his house in Liver- 
pool, but the city on the Mersey is still afflicted with fogs. The 
London County Council was approached with a scheme for clearing 
away the celebrated London fogs by the use of explosives. As a 
similar scheme had been tried without result in Italy for dispelling 
hailstorms, the county authorities declined to provide funds for 
this experiment. ` 

Shortly before the World War the city of Lyons voted money 
for experiments in preventing the formation of fog in that city by 
coating the rivers Rhone and Saone with oil. About the same 
time the Cottrell process of electrical precipitation, which is success- 
fully applied in treating industrial dusts and fumes, was tried on 
the fogs of the California coast, but nothing seems to have resulted. 
Quite recently the naval aircraft factory at Philadelphia has been 
the scene of experiments in dissipating fog by means of electrified 
sprays. No tangible results have been announced. Schemes for 
draining off fog-laden air from flying fields and also for warming 
the air over such places and thus causing the fog to evaporate have 
been investigated and found impracticable. 

On a small scale and in favorable circumstances fog can be 
dispelled but all known methods are too costly for commercial use, 
and so could not be applied on the vast scale on which many fogs 
occur, even were they of proved use. 


NOTES FROM THE U. S. BUREAU OF STANDARDS.* 


RADIO AIDS TO CIVIL AIRWAYS. 


THE bureau has now in operation two experimental radio 
stations for aeronautic work carrying on active development 
work on aids to air navigation. These two stations are 
located at College Park, Md., a suburb of Washington, D. C., 
and Bellefonte, Pa., which is located on the transcontinental 
airway midway between New York and Cleveland. The 
services of both stations are , available to all aircraft able to 
make use of them. 

At College Park there is a directive radio beacon which has 
heretofore been equipped to send signals of the aural inter- 
locking variety. Recently this beacon has been rebuilt to 
send in addition signals modulated at two low frequencies 
necessary for the visual indicator system that the bureau has 
recently developed. The College Park station is equipped 
with other special types of equipment for the sending of 
signals for experimental purposes. At Bellefonte the directive 
radio beacon is being remodeled so that it can send signals 
for use of the visual system in addition to the aural system. 
By May 15 three airplanes of the National Air Transport, 
Inc., using the Bellefonte station, and three airplanes of the 
Pitcairn Aviation, Inc., using the College Park station, will 
be equipped with suitable radio receiving sets, including 
visual indicators, so that practical flying tests by these air 
mail contractors may be carried out. Much valuable infor- 
mation is expected to result following the inauguration of 
these service flights. 

The College Park station is also equipped to transmit 
telephone or telegraph messages to airplanes. This station, 
which is remotely controlled from the field, is available for 
experimental work through the courtesy of the American 


* Communicated by the Director. 
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Telephone and Telegraph Company. The Bellefonte station 
is also provided with a remotely controlled 1-kw. set whereby 
telephone or telegraph messages can be sent to airplanes in 
flight. The practical operation of the handling of weather 
broadcasts to aircraft in flight by radio telephony is to be 
included in the service flights mentioned, using these two 
stations. 

The beacons operate in the frequency band 285 to 315 kc., 
and the telephone stations in the band 315 to 350 kc. These 
are allocated to air service by the 1927 International Radio 
Convention. For the present the beacons are adjusted to 
the frequency of 290 kc., and the telephone stations to 333 kc. 

The directive radio beacon is a special kind of radio 
station, usually located at an airport, just off the landing field. 
Instead of having a single antenna like an ordinary radio 
station, it has two loop antennas at an angle with each other. 
Each of these emits a set of waves which is directive, i.e., it 
is stronger in one direction than others. When an airplane 
flies along the line exactly equidistant from the two beams of 
radio waves, it receives signals of equal intensity from the two. 
If the airplane gets off this line, it receives a stronger signal 
from one than the other. 

The indicator connected to the receiving set on the airplane 
shows when the signals from the two beams are received with 
equal intensity, by means of two vibrating reeds which are 
tuned to different modulating frequencies used on the two 
antennas at the directive radio beacon station. When the 
beacon signal is received, the two reeds vibrate. The tips of 
these reeds are white in a dark background, so that when 
vibrating they appear as a vertical white line. The reed on 
the pilot’s right is tuned to a frequency of 65 cycles and the 
one on the left to 85 cycles. It is only necessary for the 
pilot to watch the two white lines produced by the vibrating 
reeds. If they are equal in length, he is on his correct course. 
If the one on his right becomes longer than the other, the 
airplane has drifted off the course to the right (into the region 
where there is more of the 65 cycles). If he drifts off the 
course to the left, the white line on the left becomes longer. 
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The visual indicator system comprises a small indicator unit 

and a receiving set weighing between twelve and sixteen pounds 
with batteries weighing an additional sixteen pounds. Very 
successful flights have been made up to 135 miles. To a large 
extent the device is little affected by interference. It is only 
partially affected by airplane engine ignition interference. 
Such interference does not change the operating characteristic 
of the indicator signal, but merely reduces the distance range 
from the beacon station. The system was recently demon- 
strated to representatives of the various Government depart- 
ments. 
During the latter part of 1927 several flights were made 
from Bellefonte in order to test the reliability of the directive 
type of beacon. There were both day and night flights. It 
was found that at night up to fifty miles from the beacon the 
directions were reliable, between 50 and 75 miles they were 
usually accurate but uncertain at times, from 75 to 100 they 
were frequently unreliable, and beyond 100 miles the beacon 
could not be used. No such discrepancies were found during 
daylight hours. Two solutions are under investigation. 
Placing the beacons closer together and using a vertical 
antenna on the aircraft are expected to assist greatly. The 
greatest use of the beacon is within 30 miles of the field where 
it is always reliable. A paper describing these night effects 
in detail will be published in an early issue of the Proceedings 
of the Institute of Radio Engineers. 

Special receiving sets and antennas for use on airplanes in 
connection with the beacon system have been developed. 
They are even simpler than those in use hitherto. The 
familiar trailing wire, with its possible dangers and its direc- 
tive effect introducing apparent variation of the course, is 
eliminated. It is replaced by a short vertical metal rod. The 
use of this improved antenna is made possible by a special 
receiving set which is highly sensitive, light in weight, and 
exceptionally proof against the engine ignition interference. 
This receiving set and antenna system can be used to receive 
telegraphy, telephony, aural interlocking beacon signals, or 
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to operate the visual indicator mentioned. The visual indi- 
cator plugs into the set in place of headphones. No other 
change is required. 

While there are no commercial receiving sets at present 
available which are suitable for use on aircraft at the new 
frequencies for the air services, close coöperation is being 
maintained between the bureau and several commercial com- 
panies working on various problems related to radio aids for 
air navigation. It appears that suitable receiving sets and 
auxiliaries will soon be offered on the market. Publications 
describing the bureau’s work on radio aids to air navigation 
in detail are in preparation. Announcement will be made in 
this bulletin when this material is available. 


CALCULATION OF ANTENNA CAPACITY. 


A PAPER just issued by the bureau gives a discussion of 
methods and formulas for the calculation of the capacity of 
various common types of antennas. In the past, two different 
basic methods have been used for such calculations, but the 
two methods have not always given the same result. The 
present paper shows that results of calculations by the two 
methods agree if appropriate formulas are used. One method 
however is the more general and useful. <A set of working 
formulas for calculating the capacity of the more common 
types of antennas is developed. Tables of constants for 
facilitating numerical calculations are given, together with 
tables for the capacity of single-wire horizontal and vertical 
antennas and two-wire antennas. This paper, Bureau of 
Standards Scientific Paper No. 568, ‘‘ Methods, Formulas and 
Tables for the Calculation of Antenna Capacity,” by F. W. 
Grover, may be obtained for 20 cents from the Superintendent 
of Documents, Government Printing Office, Washington, 


D. C. 


CRITERIA OF GASOLINE VOLATILITY. 


In the early days of the petroleum industry when most of 
the gasoline came from the Pennsylvania fields, it was tested 
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and sold largely on the basis of gravity, and high Baume 
gravity (high test) was a general indication of high volatility. 
But with the discovery and development of oil fields in other 
parts of the country gravity gradually lost its significance, 
for a gasoline from a California crude, for example, might 
have a considerably lower gravity (A. P. J.) than one from a 
Pennsylvania crude and yet the former might be more volatile. 
The increasing use of cracked and of blended gasolines in 
recent years has removed any remaining significance which 
gravity had as an indication of volatility, although a large 
amount of gasoline is still sold to the public on this basis. 

Six years ago the Federal Government adopted specifica- 
tions for gasoline which were based on the distillation test of 
the American Society for Testing Materials and not on grav- 
ity. This test gives an A. S. T. M. curve showing the tem- 
peratures at which various percentages of the gasoline are 
evaporated according to a definite procedure. These tem- 
peratures are however much higher than those necessary to 
vaporize the same gasoline in such air-gasoline mixtures as 
are supplied by the carburetor of an automobile engine. In 
order to study the volatility of gasoline under conditions 
more like those in the engine manifold, an equilibrium air- 
distillation apparatus was designed at the Bureau of Standards 
which gives curves indicating the temperatures at which 
various percentages of the fuel are evaporated under approxi- 
mate manifold conditions. 

Last year, on the basis of data for 9 gasolines, it was 
reported in Technical News Bulletin No. 119 (March, 1927) that 
at 5 per cent. and at 15 per cent. evaporated the absolute tem- 
peratures on the A. S. T. M. and equilibrium air-distillation 
curves are related to each other by means of simple ratios. 
Since that time, work on 25 gasolines has shown that similar 
ratios are obtainable at any percentage evaporated from 5 to 
95 per cent. Thus, from the A. S. T. M. distillation test, 
which is in common use throughout the country, it is possible 
to compute volatility curves in terms of the mixture ratios 
used in the engine. A chart has been prepared for obtaining 
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volatility data graphically and a limited number of copies of 
this chart are available for distribution. 

The general relations between the A. S. T. M. and equi- 
librium air-distillation curves do not hold at 100 per cent. 
evaporated for the reason that there is always a residue left 
in the A. S. T. M. test which is not evaporated, so that it is 
impossible to obtain the temperature of complete evaporation 
on the A. S. T. M. distillation curve. The temperature of 
complete evaporation on the equilibrium air-distillation curve 
can be obtained however and this temperature is called the 
dew point. On the basis of measurements with a large 
number of gasolines and with a variety of mixtures of air and 
fuel, a general relation was found between the dew point 
temperatures of these mixtures and the temperature at 90 
per cent. evaporated on the A. S. T. M. distillation curve. 
This relation was checked by experimental work with a 
different type of apparatus which gave the dew point tem- 
peratures directly. 

The temperature of complete evaporation is of considerable 
importance on account of its bearing on the problem of normal 
engine operation. For example, it is advantageous to have 
a fuel with sufficient volatility so that the air-fuel mixtures 
drawn into the cylinders will not contain enough unevaporated 
gasoline to cause serious dilution of the crankcase oil. It is 
also advantageous because it reduces the necessity of adding 
heat to the mixture by means of auxiliary manifold heaters. 
On the other hand, the use of a fuel with too high a volatility 
in an engine equipped with manifold heaters may result in 
superheating the mixture and thereby cause loss in power. 

The temperature at which go per cent. of the gasoline is 
evaporated on the A. S. T. M. distillation curve is a real 
criterion of the volatility which is of interest under normal 
operating conditions. A gasoline with a low 90 per cent. 
point will evaporate more readily in the engine manifold, and 
a classification of gasolines on the basis of their 90 per cent. 
points would seem to be a logical step in the direction of 
giving the motorist real information about volatility. The 
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end point on the A. S. T. M. distillation curve is frequently 
used for this purpose but it is misleading as a criterion for 
complete volatility. Thus one gasoline may have a 450 end 
point and another a 400 end point and still both may have 
the same 90 per cent. point and hence would have the same 
volatility under normal operating conditions. On the other 
hand, two gasolines with different 90 per cent. points will 
differ as regards complete volatility even though both are 
“400 end point gasolines.”’ 


THERMAL CONDUCTIVITY STANDARDS. 


A NUMBER of different laboratories in the United States 
and Canada are engaged in testing and investigational work 
in the field of thermal insulation at ordinary temperatures. 
Most of these laboratories use the so-called “hot plate” 
method of test, but at best it has been difficult to judge the 
agreement in results between the various laboratories, since 
the class of materials tested, i.e., insulating materials, are not 
particularly definite and reproducible, and in addition test 
conditions vary from place to place. 

As part of a codperative program with the Celotex Com- 
pany, an attempt is being made to determine the accuracy 
which can be expected from the various devices now in use 
for measuring thermal conductivity. A number of test speci- 
mens have been prepared which may be termed ‘‘thermal 
conductivity standards,” and these are being furnished to 
the various institutions possessing ‘‘hot plate” conductivity 
apparatus. 

The test specimens consist of slabs of homogeneous cork . 
composition material 8 or 12 inches square, to the surfaces of 
which thermocouples are permanently fastened, so that the 
boards are in reality ‘‘conductimeters”’ or “heat meters.” 
A regular thermal conductivity measurement, consisting of 
independent measurements of heat flow, thickness, and tem- 
perature difference between hot and cold plates, is made on 
a pair of boards, and in addition readings are taken of the 
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thermocouples permanently fastened to the specimens. The 
last-named measurement gives a check on the accuracy of 
the heat flow measurement, independent of errors made in 
the measurement of thickness or temperature difference be- 
tween the plates of the apparatus. 

The standard specimens are coated with waterproof var- 
nish, but this treatment does not protect against slow changes 
in moisture content with changes in atmospheric humidity. 
The specimens are therefore always dried in an oven before 
each determination. 

The results thus far obtained from a few laboratories 
show rather good agreement with those obtained at the 
bureau. To expedite the survey, a new hot plate has been 
constructed for use primarily in standardization work. In 
the design of this plate, the aim has been to obtain the highest 
possible accuracy rather than to sacrifice in favor of simplicity 
of construction. 

The bureau will be glad to furnish standard conductivity 
samples to any laboratory wishing to coöperate in this work. 


FIRE RESISTANCE OF SAND-LIME AND CONCRETE BRICK WALLS. 


A SERIES of fire tests of brick walls was completed recently 
at the Bureau of Standards. The object was to determine 
the fire protection, strength, and stability under fire conditions 
of this construction. An item giving the results for clay 
and shale brick walls was published in Technical News Bul- 
letin No. 124 (August, 1927). The present item gives the 
results for sand-lime and concrete bricks. 

Materials and Test Specimens.—Sand-lime and concrete 
bricks from two sources for each were included. The harder 
sand-lime brick would be graded as medium under present 
specifications of the American Society for Testing Materials, 
and the other as soft, mainly on the score of absorption, the 
compressive strength on edge ranging from 1690 to 4720 
lbs./in.2, and the modulus of rupture from 460 to 930 Ibs./in.*. 
The concrete bricks would pass the present A. S. T. M. 
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tentative specifications for concrete building bricks with some 
margin, the average compressive strength flatwise being 2780 
and 2920 lbs./in.? for bricks from the respective sources. 
The aggregate used for both the sand-lime and the concrete 
bricks was siliceous sand. The bricks were built into walls 
16 feet long and 10 to 11 feet high for tests in the large 
furnace, and 4 feet wide and 4 feet high for tests in the small 
furnace, 8 tests being made with walls of each size. Sand- 
lime and concrete bricks also formed parts of six walls sub- 
jected to fire and water tests. 

The walls were laid up with Portland cement-lime mortar 
consisting of 1 : 13 : 6 volume parts of cement, hydrated lime, 
and dry sand, respectively, which was mixed with water to 
the consistency required by the masons. The bricks were 
laid flat as in common or running bond, with one full header 
course for every five stretcher courses. The greater number 
of walls tested in the large furnace were built by a masonry 
contractor who was awarded the work on the basis of com- 
petitive bids, and the workmanship was apparently barely 
up to the average in building construction. The other walls 
were built by masons in the employ of the bureau, and the 
grade of workmanship, as indicated by the way in which the 
joints were filled and pointed, was probably a little above the 
commercial average. 

Method of Testing—The walls were built into movable 
frames, and for the test were placed to form one wall of the 
furnace chamber. Some of the walls were built solidly into 
the frames, which were rigid enough to restrain the greater 
portion of the expansion of the wall during test, thus duplicat- 
ing conditions where fire division walls are built between 
heavy floors and columns. Six walls were tested under a 
working load of 160 pounds per square inch of gross area, 
maintained constant during the fire test, to determine the 
adequacy in this particular. Other walls were built free 
from the containing frames at the sides and top, permitting 
free movement of the wall during test, which is representative 
of the unrestrained condition of walls in minor buildings, or 
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the top story of walls in higher buildings, where light, non-fire- 
resistive interior and roof construction does not appreciably 
restrain the wall at the floor and roof lines. 

The furnace temperatures were controlled to conform with 
standard American fire-testing practice, the fire exposure 
being continued in the fire endurance tests until or past the 
time when certain given temperatures obtained on the un- 
exposed side, unless failure under the applied load occurred 
earlier. In the fire and water tests the walls were exposed to 
fire for one hour, after which they were pulled away from 
the furnace and a hose stream from a 14-inch nozzle under 
a water pressure of 50 lbs./in.? applied over the hot side. 

Stability and Load-Carrying Ability—The deflections of 
restrained and loaded walls were toward the fire and attained 
a maximum at the center of the wall. For 8-inch walls the 
maximum deflections of the large walls averaged 2 inches, 
and for the 12-inch walls, 14 inches, at from 2 to 6 hours after 
the start of the test. For the unrestrained walls the maximum 
deflections took place at the top of the wall and were away 
from the fire, the average of maximums obtaining at the end 
of 6 hours, being 93 inches for 8-inch walls. The recovery 
from deflections on cooling ranged from one-fourth of the 
maximums obtaining during test to full recovery. 

No 8-inch walls failed because of excessive deflection or 
under the applied working loads. One 12-inch wall of soft 
sand-lime bricks failed under the working load at a little 
before 10 hours after the start of the test through weakening 
of the brick on the fire side. It is probable that few fire 
conditions in buildings will give rise to fires as severe as I0 
hours of the standard fire test. ` 

Fire Effects on Brick and Masonry.—For the restrained 
walls, cracks on the side away from the fire of over ṣẹ inch in 
width were rare. For the unrestrained walls cracks up to 
5 inch were formed in 8-inch walls toward the end of the test, 
these being narrower or closed on the fire side. The headers 
were seldom found cracked in the central portion of the wall, 
so that the integrity of the wall as a building member was 
maintained. 
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Serious damage to the bricks was confined to those next 
to the fire except for tests lasting over 6 hours. Cracks 
parallel with the face of the wall were formed in some of the 
bricks from 4 to 13 inches from the fire side. Hard bricks 
were more susceptible to cracking than the softer bricks, 
although showing greater strength after the fire test. The 
full discussion of fire effects and possibility of re-use involves 
a greater amount of detail than can be given in the present 
item. 

Fire Resistance Classificattons.—According to present speci- 
fications for fire tests, the classification for load-bearing walls 
is based on ability to sustain the working load and to prevent 
temperature transmission through the wall to such an extent 
as to endanger combustible materials in contact with the 
unexposed side. The average temperature rise permitted is 
139° C. (250° F.), or a maximum rise of 181° C. (325° F.) for 
any single point. The temperatures are measured under 
asbestos felt pads, 4/10 inch thick, placed against the un- 
exposed side of the wall. The periods given in the table are 
determined by temperature transmission unless otherwise 
noted. The limit for the 12-inch walls is determined by load- 
carrying ability for walls made from some of the bricks. The 
periods given are within the lower range of values obtaining 
in the fire endurance tests. 

The factor of safety that should be applied to these fire- 
resistance periods depends on the variation in material and 
workmanship to be expected in building construction beyond 
that present in the tests. The drier condition of party and 
fire walls after years of service in the interior of heated build- 
ings, as compared with that of the walls tested, and the 
increase in temperature on the unexposed side after the 
prescribed temperature limit was reached and the fire shut off 
would of course influence the choice. Some information on 
the extent of these effects was developed in the tests. The 
use of factors of safety of 1} to 14 on the results of fire en- 
durance tests has been advocated. Insofar as it concerns the 
constructions tested, the higher value does not appear to give 
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a greater margin than necessary. On this basis a wall giving 
an ultimate fire resistance of 3 hours can be applied as pro- 
tection against a fire condition equivalent to not more than 
2 hours of the standard test, and a wall of 9 hours test rating 
to a fire condition estimated as not more severe than 6 hours 
of the test furnace exposure. 

The fire and water tests developed nothing that would 
change the conclusions based on the fire endurance tests. 


Ultimate Fire Resistance Periods of Solid Concrete and Sand-Lime Brick Walls. 


Kind of Nominal Building Members Projecting Fire Resist- 
Brick. Thickness. into Wall. ance Period. 
Concrete 8-inch unplastered None or incombustible 64 hours 
ditto ditto Combustible 3 
ditto 12-inch unplastered None or incombustible 15 
ditto ditto Combustible 124 
Sand-lime 8-inch unplastered None or incombustible 8 
ditto ditto Combustible 34 
ditto 12-inch unplastered None or incombustible {10 
15 
ditto ditto Combustible ; 10 
13 


The periods apply for both bearing and non-bearing walls 
unless otherwise indicated. Those marked with a note? are 
only to be used for non-load-bearing walls when the probable 
exposure approaches the period given in the table. However, 
such walls are safe for bearing purposes for lower periods. 
For bricks laid flatwise and for periods not exceeding 6 hours, 
either Portland cement, cement-lime, or lime mortar of volume 
proportions not leaner than I : 3, cement or lime, and sand, 
respectively, can be used. For walls having periods of over 
6 hours, Portland cement or cement-lime mortar should be 
used. 

When combustible floor members enter into solid walls, 
the periods are premised on the assumption that they project 
not more than 4 inches into the wall, and, where entering 
from both sides, that they are so placed and protected as to 
have not less than 4 inches of solid masonry between them. 

1 Determined by load-carrying ability. 


2 Determined by temperature transmission only and obtained by comparison 
with results of tests of concrete brick walls. 
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THERMAL EXPANSION OF FIRE-CLAYS. 


THE study of the fundamental qualities of representative 
fire-clay refractories and individual clays was described in 
Technical News Bulletin No. 125 (September, 1927). 

The linear thermal expansion has been observed from 
room temperature to 900° C. by means of the interferometer 
on a total of 25 clays burned at 1400° C. for five hours. 
These are the clays used in the manufacture of the 17 brands 
of fire-brick included in this investigation. The clays may 
be classified according to the thermal expansion into four 
groups as follows: 

1. Eleven have a rapid rate below 200° C., due to the 
presence of tridymite and cristobalite, and a uniform rate 
from 200 to 900° C. 

2. Three have rapid rates of expansion below 200° C. and 
at approximately 600° C., due to presence of the different 
types of silica. 

3. Nine have a uniform rate from room temperature to 
900° C. 

4. Two have a uniform rate from room temperature to 
approximately 725° C., at which temperature the rate in- 
creased until 850° C. was reached, after which it decreased. 

In comparing these data with those obtained on the brick 
in which the clays were used either singly or blended and 
which were previously reported, it was noted that: 

I. In four instances the rapid rate of expansion below 
200° C. shown by the clays was not apparent in the bricks. 
It is possible that this difference is due to the blending of 
two or more clays which is favorable to the growth of mullite 
crystals at 1400° C. 

2. Two brands of fire-bricks show a rapid rate of expansion 
at 600° C., which is not present in the individual clays. This 
expansion in the bricks is undoubtedly due to the nature of the 
grog added in the manufacturing process. 

3. In two cases where bricks are manufactured from the 
same clay by both the stiff mud and dry press methods the 
expansion of the clay is higher than that observed on the 
brick of either type. 
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WORKABILITY OF PORTLAND CEMENT PASTES. 


THE study of workability of Portland cement pastes has 
now included tests of three devices—the extrusion cylinder, 
the ball plasticimeter, and the capillary tube. The first 
device consists of a cylinder from which a piston forces the 
cement paste through an orifice, the piston moving at a 
constant speed. 

The three methods have shown differences, in some cases 
very marked, in the behavior of various cements when tested 
in the form of neat cement pastes. Moreover, the relative 
order of the results is different for each of the three devices. 
It is apparent that this investigation must be continued to 
determine the extent to which the test method used influences 
the results obtained. Without this information no satis- 
factory comparison can be made of the relative workability 
of mortars and concretes prepared from these cements. It 
seems probable that the manner in which a cement is to be 
used should largely influence the choice of the method by 
which its workability is determined. 

It is interesting to note that the ball plasticimeter and the 
capillary tube have both placed at opposite extremes of the 
groups of curves two cements submitted by one manufacturer. 
One of these cements was considered by the maker as highly 
plastic when used in concrete and mortars, while the other 
cement was thought to be of a decidedly opposite character. 


CONTROL OF CLAY SLIPS BY USE OF ELECTROLYTES. 


A STUDY is being made of protective colloid action in the 
casting of clay slips at the Columbus branch of the bureau. 
Tannic acid and peat have been used to date. The addition 
of small amounts of tannic acid or peat to slips containing 
little or no carbonaceous matter has been found to decrease 
the amount of water necessary to make up the slips and to 
increase markedly the cross-breaking strength of inch-bars 
from such slips. The composition of a typical body contain- 
ing no organic matter is the following: 
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Tennessee ball clay No. 7............000 eee 100 grams 
Georgia china clay No. 4...........000eeeeees 400 do. 
A T E eer bores bake ikaw TT 300 do 
Peldspat.c.2622 ch scuss Oise esha eee tees 200 do. 
Sodium carbonate............. 0.00. c eee wees 1.25 do. 
Sodium SUiICAte 622.22 ees eee eed t 1.25 do. 


The addition of 0.2 per cent. carbon in the form of tannic 
acid or peat (calculated as per cent. of dry weight of body 
before the addition of water) was found to increase the cross- 
breaking strength of inch-bars cast from such slips about 
125 per cent., and to decrease by 20-25 per cent. the amount 
of water necessary to make up the slips. The addition of 
0.05 per cent. carbon in the form of peat or tannic acid gave 
approximately the same cross-breaking strength as the larger 
(0.2 per cent.), but gave lower water economy. The addition 
of peat or tannic acid in concentrations considerably greater 
than 0.2 per cent. decreased the rate of setting of the slips. 
The aim in adding protective colloid evidently should be to 
select such a concentration of protective colloid as will give 
a large cross-breaking strength of bars and maximum water 
economy, without abnormally increasing the time of setting. 
The lower concentrations of peat and tannic acid (0.05 per 
cent. and 0.2 per cent.) do not decrease the rate of setting of 
the slip. It is also possible that the addition of protective 
colloid will aid in preventing the ‘‘livering”’ of slips which 
have stood for some time. 

At the present time, the effect of tannic acid and peat is 
being tested, using only china clay, flint and feldspar as the 
body. Both English and Georgia china clays are being used. 


“TRUE ” SPECIFIC GRAVITY OF FELDSPARS. 


Technical News Bulletin No. 129 (January, 1928) contained 

a report of the study of the thermal expansion of the 19 

commercial feldspars under investigation. The following re- 

port summarizes the study of the true specific gravity of the 

raw, partially fused, and fused feldspars. A Hubbard type 

pycnometer, closed with a polished glass disk to seal the 
VoL. 205, No. 1229—49 
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capillary and prevent evaporation, was used in this study. 
Samples weighing approximately 5 grams were used. The 
weighings were made on a chemical balance sensitive to the 
fourth decimal. The pycnometer was dried at 110° C., the 
sample introduced, weighed and evacuated under a bell jar. 
Freshly boiled distilled water sufficient to cover the sample 
was then added through a separatory funnel. Then the 
pycnometer was removed, more water added, the sample 
allowed to settle and cooled to 20° C. + 0.1° in a constant 
temperature water bath. After the sample had settled and 
cooled, the pycnometer was completely filled with water, 
wiped dry with a soft clean cloth and weighed. 

The results shown in the following table indicate that the 
average values for the raw feldspars vary from 2.615 for 
sample No. 1 (high soda feldspar) to 2.574 for sample No. 19 
(high potash feldspar). These values compare favorably with 
those found by other investigators. Since there is a difference 
of only 2 per cent. between the greatest and least specific 
gravities of the 19 feldspars, covering the field from albite to 
microcline, it is doubtful whether the determination of specific 
gravity will have any value as a practical test to determine 
the type of feldspar purchased. 

For the determinations of the true specific gravity of the 
partially fused and fused feldspars the samples were pressed 
in mullite crucibles fired to cones 4, 8, 10, 12, 13, and 14, 
drawn at the desired temperature, and quenched in running 
water. The specimens were broken away from the crucibles, 
crushed between hardened steel surfaces, ground in an agate 
mortar, magnetic particles removed, passed through a No. 
100 sieve, and the specific gravity determined. 

The results show that the specific gravity of the feldspar 
decreases when fired to cone 4 and drops still more when fired 
to cone 8. When fired to cones 10, 12, 13, and 14 only slight 
differences are shown, indicating that the crystalline form 
has been nearly all converted to amorphous glass. The def- 
nite molecular structure of the feldspar crystal is evidently 
converted to leucite and glass on melting, as has been reported 
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by Morrey and Bowen,! and the glass resulting from under- 
cooling shows a drop in specific gravity and an increase in 
volume. The average increase in volume for a feldspar fired 
to cone 4 is 4 per cent., fired to cone 8 is 7 per cent., and fired 
to cone 10 is 9 per cent. This conforms to data obtained by 
other investigators. 


True Specific Gravities of Feldspars in Terms of Equal Volumes of Water at 20° C. 


Feldspar Í 
Number. Raw Fired to 
Feldspar. 
Cone 4. Cone 8. Cone 10. Cone 12. Cone 13. Cone 14. 

I 2.615 2.513 2.424 2.374 

2 2.613 2.517 2.422 2.407 

3 2.612 2.461 2.422 2.389 

4 2.614 2.428 2.420 2.413 

5 2.604 2.412 2.407 2.386 

6 2.602 2.454 2.422 2.393 

7 2.610 2.444 2.403 2.395 

8 2.595 2.404 2.397 2.388 

9 2.593 2.411 2.394 2.384 
10 2.598 2.412 2.402 2.400 
II 2.600 2.406 2.397 2.394 
12 2.598 2.403 2.408 2.377 
13 2.589 2.426 2.411 2.410 2.376 
14 2.594 2.435 2.414 2.396 2.372 
I$ 2.582 2.430 2.401 2.387 2.370 
16 2.586 2.412 2.406 2.374 
17 2.572 2.409 2.400 2.377 
18 2.583 2.381 2.379 2.376 
19 2.574 2.397 2.375 2.376 


EFFECTS OF TEMPERATURE AND HUMIDITY DURING THE PREPA- 
RATION AND TESTING OF RUBBER COMPOUNDS. 

THERE will soon be available a report by the physical 
testing committee of the rubber division of the American 
Chemical Society on the effects of temperature and humidity 
during the preparation and testing of rubber compounds. 
This report presents complete data and final conclusions 
based on an investigation conducted at the Bureau of Stand- 
ards in accordance with a program drawn up by the physical 
testing committee. A comprehensive study was made with 
five cures of five typical compounds, involving several thou- 


1 “The Melting of Potash Feldspar,” by G. W. Morrey and W. L. Bowen, 
The American Journal of Science, Vol. IV, July, 1922. 
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capillary and prevent evaporation, was used in this study. 
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mortar, magnetic particles removed, passed through a No. 
100 sieve, and the specific gravity determined. 

The results show that the specific gravity of the feldspar 
decreases when fired to cone 4 and drops still more when fired 
to cone 8. When fired to cones 10, 12, 13, and 14 only slight 
differences are shown, indicating that the crystalline form 
has been nearly all converted to amorphous glass. The defi- 
nite molecular structure of the feldspar crystal 1s evidently 
converted to leucite and glass on melting, as has been reported 
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by Morrey and Bowen,! and the glass resulting from under- 
cooling shows a drop in specific gravity and an increase in 
volume. The average increase in volume for a feldspar fired 
to cone 4 is 4 per cent., fired to cone 8 is 7 per cent., and fired 
to cone 10 is 9 per cent. This conforms to data obtained by 
other investigators. 


True Specific Gravities of Feldspars in Terms of Equal Volumes of Water at 20° C. 


Feldspar i 
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2 2.613 2.517 2.422 2.407 

3 2.612 2.461 2.422 2.389 

4 2.614 2.428 2.420 2.413 

5 2.604 2.412 2.407 2.386 

6 2.602 2.454 2.422 2.393 

7 2.610 2.444 2.403 2.395 

8 2.595 2.404 2.397 2.388 

9 2.593 2.411 2.394 2.384 
10 2.598 2.412 2.402 2.400 
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EFFECTS OF TEMPERATURE AND HUMIDITY DURING THE PREPA- 
RATION AND TESTING OF RUBBER COMPOUNDS. 

THERE will soon be available a report by the physical 
testing committee of the rubber division of the American 
Chemical Society on the effects of temperature and humidity 
during the preparation and testing of rubber compounds. 
This report presents complete data and final conclusions 
based on an investigation conducted at the Bureau of Stand- 
ards in accordance with a program drawn up by the physical 
testing committee. A comprehensive study was made with 
five cures of five typical compounds, involving several thou- 


1 “The Melting of Potash Feldspar,” by G. W. Morrey and W. L. Bowen, 
The American Journal of Science, Vol. IV, July, 1922. 
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sand tests in which the humidity, temperature, and periods 
_ of exposure were varied both prior and subsequent to vulcani- 
zation. Photographs are included showing the apparatus 
used in conditioning the samples. Test methods are described 
in detail and the results are given in 52 tables and 98 charts. 
Data obtained show that previous to vulcanization relative 
humidity has a pronounced effect upon the stress-strain rela- 
tion, while that of temperature within the range studied is 
practically negligible. Differences due to relative humidity 
vary both in degree and kind with the ingredients used. 
Length of exposure of compounds has an appreciable effect. 
Subsequent to vulcanization, relative humidity has but slight 
effect while that of temperature is pronounced. The effects 
due to temperature are not changed materially, in the com- 
pounds studied, by the compounding ingredients. Copies of 
this report will be available to those interested through the 
physical testing committee of the rubber division of the 
American Chemical Society and can be obtained when issued 
by addressing the chairman, Mr. J. E. Partentheimer, Fisk 
Rubber Company, Chicopee Falls, Mass. 


NOTES FROM THE RESEARCH LABORATORY, 
EASTMAN KODAK COMPANY.* 


AN ELECTRICAL SOLUTION-MIXING DEVICE.! 
By K. C. D. Hickman and D. Hyndman. 


ELECTRICAL titration methods in general use employ elec- 
trodes immersed in the reacting liquids and give indications 
of hydrogen or other ion concentrations. The indications 
have been used by various workers to control automatically 
the mixing of the two reagents. Such electrical controls may 
be described as operating internally. The present method 
uses externally gaseous indicators such as sulfur dioxide or 
ammonia, which it detects by an ‘electric nose’ placed over 
the reacting vessel. The variations in current actuate a 
valve which limits the particular solution in excess at that 
moment. In this connection a special mechanism has been 
devised which requires so little energy for actuation that no 
amplification or relays are required on the electrical circuit 
for the ‘nose’ even though thousands of gallons of solution 
be handled each hour. The device is useful both in acidimetry 
and in oxidation—reduction reactions, particularly with com- 
plex mixtures, since only the chosen volatile constituent can 
affect the control. 


VECTORIAL TREATMENT OF REFRACTION OF SKEW RAYS 
BY A PRISM.’ 


By L. Silberstein. 


THE incident ray, of any orientation, being represented 
by the unit vector r, the refracted and ultimately emergent 
ray is expressed by the vector formula, 7’ = r + gin, + gone 

* Communicated by the Director. 

1Communication No. 321 from the Kodak Research Laboratories and 
published in Ind. Eng. Chem. 20: 213. 1928. 


2 Communication No. 333 from the Kodak Research Laboratories and 
published in J. Opt. Soc. Amer. 16: 88. 1928. 
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(given some time ago in “Simplified Method”), where nı, n: 
are the normals of the two faces of the prism and gı, gz are 
scalar factors; in obvious notation, g, = cos 7%; — picos ti’, 
etc. From this simple formula the two angular coördinates 
of the emergent in terms of those of the incident ray are now 
most directly deduced. If 6 be the inclination of the incident 
ray to the edge of the prism and ¢ the angle between the frst 
face of the prism and the plane through the edge parallel to 
the incident ray, then, for the emergent ray, 6’ = 0, and, the 
scalar go being readily eliminated, 


cos (¢’ — e) = cos (@ — e) — gı sin e/sin 9, 


where e is the refracting angle of the prism. The factor g, 
is written explicitly in terms-of incidence data. The advan- 
tages of the vectorial as compared with the usual treatment 
are brought out. The limiting condition, beyond which there 
is total reflection, is derived and discussed. 


CONTRIBUTION TO THE THEORY OF PHOTOGRAPHIC 
EXPOSURE.? 


By L. Silberstein. 


In the first part of the paper the original form of the 
quantum theory of photographic exposure and its several 
modifications are critically discussed. It is shown that none 
of them represents the photomicrographic findings with suffi- 
cient accuracy. The second and main part is devoted to 
nuclear theories, in which the element of chance is transferred 
from the impinging light to certain peculiarities of the grains 
themselves, viz., incipient nuclei haphazardly distributed 
among them. After a brief general introduction to such 
theories, a mathematical formulation of Toy’s more or less 
qualitative theory is given. This is shown to lead to a formula 
which again deviates essentially from observed facts. Such 
being the case, an alternative type of nuclear theory of 


3 Communication No. 336 from the Kodak Research Laboratories and 
published in Phil. Mag. 5: 464. 1928. 
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exposure is next considered in which the growth of the nuclei 
is explicitly taken into account. This was qualitatively sug- 
gested by Sheppard, Trivelli, and Loveland in their ‘‘ Concen- 
tration Speck Theory.” The ratio of growth of the nuclei 
in presence of light being assumed proportional to their 
instantaneous size, and the sizes of the pre-exposure nuclei 
being attributed a normal distribution frequency among the 
grains, the proportionate number, k/N, of grains affected by 
an exposure E is expressed by the formula, 


_ o(g — a) — o(ge — a) 
as (g — a) + la) 


where ¢ stands for the error-function and g, a, c are constants. 
This is tested experimentally and shown to represent the 
majority of available data fairly accurately. In the closing 
section a refinement of this formula is considered, the effect 
of the finite size of, and the competition between, the nuclei 
placed upon the same grain being taken into account. 
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exposure is next considered in which the growth of the nuclei 
is explicitly taken into account. This was qualitatively sug- 
gested by Sheppard, Trivelli, and Loveland in their ‘‘Concen- 
tration Speck Theory.” The ratio of growth of the nuclei 
in presence of light being assumed proportional to their 
instantaneous size, and the sizes of the pre-exposure nuclei 
being attributed a normal distribution frequency among the 
grains, the proportionate number, k/N, of grains affected by 
an exposure E is expressed by the formula, 


_ o(g — a) — (ge — a) 
ERS err asap a) 


where ¢ stands for the error-function and g, a, c are constants. 
This is tested experimentally and shown to represent the 
majority of available data fairly accurately. In the closing 
section a refinement of this formula is considered, the effect 
of the finite size of, and the competition between, the nuclei 
placed upon the same grain being taken into account. 
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International Peat Congress to be held at Laon (Aisne), France, 
July 8 to 12, 1928. The labors of the First Congress of Peat, which 
was held from the 22d to the 25th of September, 1927, at Notre- 
Dame-de-Liesse near Laon (Aisne) proved that peat is a product cap- 
able of bringing not alone to France but to every country a source 
of additional wealth. The members of the Congress of 1927 on 
adjourning resolved to invite in 1928 all nations to participate in the 
2d Congress, thus making it of an international character. Foreign 
delegates are invited to visit Laon to observe what has been achieved 
in French technique and at the same time to make their own 
contribution to the promotion of this valuable natural product. 
The activities of the congress will include the reading and discussion 
of communications, an exposition of machinery of extraction, 
treatment and utilization of peat, of verified investigations, and a 
convention of peat workers. 

Those interested are requested to communicate with Secrétariat 
du Congrès International de la Tourbe, Office National des Com- 
bustibles Liquides, 85, Boulevard du Montparnasse, Paris (6°). 

L. E. P. 


NOTES FROM U. S. BUREAU OF MINES.* 


EXPERIMENTS IN UNDERGROUND COMMUNICATION 
THROUGH EARTH STRATA. 


MINE disasters occur rather frequently, and at such times 
communication is vital. In coal mines disasters are caused by 
explosions and fires and sometimes by large falls, cave-ins, or 
floods. Some explosions in coal mines are so violent and ex- 
tensive that they kill outright or almost immediately suffocate 
every man underground. However, only a few men in the 
actual zone of the explosion are ordinarily killed outright; 
unless the others are in atmospheres containing the deadly 
afterdamp (carbon monoxide), which is always present after 
an explosion, they may be rescued later, sometimes within a 
short time but in extreme instances several days after the dis- 
aster. 

The men who survive a disaster may be regarded as pris- 
oners within a mine. They may have been forced to barricade 
themselves in to prevent the afterdamp from reaching them, 
or they may be penned behind falls of rock or coal which have 
blocked the only roadway leading to the mine mouth. Again, 
certain sections of the mine may be isolated from others by 
fire or flood. Often the usual means of communication is de- 
stroyed or made ineffective. Under such circumstances 
rescuers, relatives, and friends have no means of communicat- 
ing with the imprisoned men. No word as to the number of 
men alive can reach those waiting outside, no word of encour- 
agement can be given those entombed, and no directions can 
guide the searching crews in their rescue efforts. The last 
factor is the most regrettable of all, as in anumber of disasters 
prompt arrival of rescue crews at places where men were en- 
tombed would have prevented death. 


* Published by permission of Director, United States Bureau of Mines. 
Not subject to copyright. 
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The chief purpose of Bureau of Mines experiments in 
underground communication has been to seek out and, if 
possible, devise some practical means of communicating with 
entombed miners, not only to give them comfort and assur- 
ance but also to direct early rescue work which may save 
lives. 

The problem of communication after a disaster has always 
been regarded by the Bureau as extremely difficult to solve. 
Miners work under a great variety of conditions. Mines vary 
in depth from the shallow surface coal beds in Pennsylvania 
to the deep copper deposits in Michigan. Mines are of 
various sizes, from mere holes (small wagon mines) to the vast 
excavated areas of some of the large coal or metal mines. 
Large mines have numerous passageways, some of them miles 
long, a labyrinth of interconnected underground workings 
which seem like a maze to persons unfamiliar with mining 
methods. The strata through which signals must be sent not 
only vary in depth but are made up of many kinds of earthy 
matter, often interspersed with water-bearing beds. Another 
difficulty is that apparatus used in mine rescue work must of 
necessity be extremely simple and of light weight. | 

The various phases of the general problem of underground 
communication have embraced investigations by the Bureau 
of Mines covering about six years. 

Many of the American bituminous coal mines are much 
shallower than the coal mines of Europe or some of those in 
the anthracite region of Pennsylvania; it was therefore be- 
lieved that a signal which would penetrate at least 400 feet of 
strata overlying a mine would serve a large proportion of the 
American coal mines. Hence, this figure was used as a meas- 
ure of the practicability of any given signaling scheme. Any 
reliable means of communication was believed worth consider- 
ation, but two-way voice communication was believed most 
desirable; moreover, one-way voice communication, espe- 
cially from the outside to the inside of the mine, was thought 
preferable to a straight code system 

As the result of the Bureau’s investigations, two methods 
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of underground communication seem to promise usefulness: 
First, the geophone or earth-vibration method, and, second, 
the grounded-line or roof-rail conduction method of communi- 
cation with telephanes. 

In the earth-vibration method the transmitter is a sledge 
or rock and the receiver is a geophone. The simplicity and 
availability of the transmitter are readily conceded. The re- 
ceiver (geophone) is simple, but efficient operation requires a 
certain degree of skill. The greatest drawback to the geo- 
phone method is that voice communication is impossible, and 
the use of code to any extent is difficult. The transmitter in 
the roof-rail system of communication is an ordinary micro- 
phone transmitter used straight or with amplification. This 
apparatus is fairly simple—in fact, simpler than the geophone 
—except possibly when amplification is used. The receiver is 
about the simplest of all, being only a watchcase-type tele- 
phone receiver. The wiring system inside the mine is very 
short, extending from the roof to the rail or floor connections. 
The roof connection for receiving is very simple, but for 
transmitting the connection has to be more extensive because 
the current flowing is many times that in reception. At the 
surface the roof-rail system requires an insulated line from the 
nearest available connection to the mine floor or track to a 
point within a radius of approximately 500 feet over the place 
in the mine where the underground station is located. As 
this line is on the surface, however, it should involve no difh- 
culty. The roof-rail method employs either voice or code. 

In these facts concerning the two possible systems of com- 
munication two things are noted: First, the system using the 
geophone has much the simpler transmitting apparatus, 
whereas the system using telephones employs the simpler re- 
ceiving apparatus with relation to conditions underground. 
It naturally follows, therefore, that a combination of the two 
systems might be more practical than either one alone. In 
such a composite system the underground transmitter would 
be a sledge, rock, etc., and the receiver would be a simple 
watchcase-type telephone receiver. The transmitter at the 
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surface would be a telephone and the receiver a geophone, 
possibly with amplification for both for the greater distances. 
The transmitter in the mine would therefore always be within 
reach of the entombed men, and the watchcase receiver could 
be incorporated in the miner’s first-aid pack. This combina- 
tion would allow voice one way—that is, into the mine— 
and rudimentary code from the mine to the surface. How- 
ever, this should be ample for rescue purposes and much more 
satisfactory than code both ways. 

The use of a combination method, however, would depend 
upon further development of these two systems of under- 
ground communication. The geophone has been developed 
so as to penetrate a depth of 550 feet without amplification. 
The few tests made with the telephonic method have shown 
the possibility of penetrating depths of more than 430 feet at 
a distance of more than 1,700 feet from the shaft with no 
amplification. Only enough work has been done on this latter 
system, however, to indicate its possibilities. 

The theory and practice of geophysical prospecting for 
minerals and oil elucidate more fully all the methods of under- 
ground communication studied by the Bureau, with the ex- 
ception of line radio. It is a fact, however, that the power 
used in geophysical prospecting is much greater than that 
possible in underground communication through earth strata 
for rescue purposes. Thus geophysical prospecting, in a way, 
amplifies the Bureau’s deductions. 

It is possible that further studies in electrical prospecting 
will bring out some practical use of radio for underground 
communication work, although the Bureau feels that, owing 
to the limitations specified for mine-rescue apparatus, this ts 
rather improbable. 


LIMITS OF INFLAMMABILITY OF GASES AND VAPORS. 


A STUDY of the limits of inflammability of a large number 
of gases and vapors has been made by the United States 
Bureau of Mines, Department of Commerce. A knowledge 
of the limits of inflammability of methane, and indeed of the 
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products of distillation of coal, in air and in partly vitiated 
atmosphere, is of fundamental importance in the study of mine 
explosions and their prevention. Likewise, a knowledge of 
the inflammable limits of gasoline and benzol vapors, natural 
and manufactured gas, blast-furnace gas, hydrogen, acetylene, 
and many other gases is of equal importance in the prevention 
of gas explosions and fires in the metallurgical, petroleum, gas- 
manufacturing, and related industries. 

Substances that a short time ago were found infrequent, 
even in the laboratory, are being used on a large scale, and 
some of them form dangerously explosive mixtures with air. 
Data concerning their limits of inflammability are widely 
scattered in the literature, and many of the figures seem con- 
tradictory. The results of the Bureau’s comprehensive sur- 
vey have been published in Bulletin 279, by H. F. Coward and 
G. W. Jones. 

An inflammable mixture of gases, such as methane and air, 
may be diluted with one or the other of its constituents or with 
other gases until a composition is reached which is no longer 
inflammable. The dilution limit of inflammability, or simply 
the limit of inflammability, is the border-line composition; a 
slight change in one direction or the other produces a mixture 
which is accordingly inflammable or non-inflammable. 

There are clearly two limits of inflammability, a higher and 
a lower, for each pair of so-called combustible gas and sup- 
porter of combustion. The lower limit corresponds with the 
minimum amount of combustible gas, the higher, or upper, 
limit with the maximum amount of gas capable of conferring 
inflammability on the mixture. For example, for methane-air 
mixtures these limits under normal conditions are approxi- 
mately 5 and 14 per cent. methane, respectively; compositions 
between these figures liberate enough energy on combustion 
of any one layer to ignite the neighboring layer of unburned gas 
and are therefore capable of self-propagation of flame; others 
arenot. Mixtures richer than 14 per cent. methane, however, 
may burn on contact with external air, for other mixtures 
which are inflammable, containing between 5 and 14 per cent. 
methane, are thus formed. 
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The experimental determination of limits of inflammability 
is more difficult than may be anticipated, as is shown by the 
contradictory figures reported from time to time. It is the 
object of this bulletin to present the results of a critical re- 
view of all figures published on the limits of inflammability of 
combustible gases and vapors when in admixture with air, 
oxygen, or other “atmosphere.” Suspended dusts and liquid 
mists are not considered 


A RAPID CORROSION TEST FOR GASOLINE. 


For the proper control of gasoline treating plants there is 
need of a quick test for corrosion. In ‘“‘sweetening” gasoline, 
that is, in treating it to remove evil-smelling mercaptans or to 
convert them to disulphides or sulphides, the sodium plumbite 
(“doctor”) method is generally used. This method involves 
agitation of the gasoline with ‘‘doctor solution” (sodium 
plumbite made by dissolving litharge in a solution of caustic 
soda) in the presence of free sulphur. One of the common 
mistakes in the technique of this process is the addition of too 
much free sulphur, which will dissolve in the gasoline and 
cause it to be corrosive. In the operation of a continuous 
sweetening or treating plant, a check on the corrosiveness of 
the product is imperative at all times. The copper-strip test 
commonly used in specifications takes so long to perform that 
the plant may fail to function properly for some time before 
the operator discovers it. 

The Bureau of Mines has investigated a recently developed 
rapid corrosion test method involving the use of metallic 
mercury, which has been used successfully for several months 
in controlling the operation of continuous treaters and which 
seems to have several advantages over the copper-strip test. 
Chief among these is the time saved, as the copper-strip test 
takes at least one-half hour, while the mercury test can be 
made in about five minutes. Itis very evident that this is an 
important item in controlling a continuous treater. 
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A 100-c.c. sample of the gasoline drawn from the treater 
is placed in a clean 4-ounce sample bottle and I c.c. of metallic 
mercury added. The bottle is shaken uniformly for two 
minutes, and the gasoline decanted off and filtered at once 
through an 8-inch qualitative filter paper. he filter paperT 
is then dried by an electric fan or by natural evaporation. 

The intensity of the black precipitate on the paper is a 
measure of the corrosiveness of the gasoline. A clean paper 
or one that is only slightly discolored indicates that the gaso- 
line will pass the copper-strip test. If there is a heavy black 
precipitate on the paper and the sample is negative to the 
doctor test, it indicates that an excess of sulphur over that 
needed to complete the reaction has been added and that the 
gasoline will be corrosive. 

The operator or chemist may have to compare the mercury 
and copper-strip tests of a few samples to interpret the former 
in terms of the latter, but after a little experience he should 
have no difficulty with this. 

Five minutes usually is enough for completing the test. 
Thus the operator of the treating plant can know within five 
minutes from the time he starts his test whether or not he has 
added too much sulphur. 

The mercury in this test can be used over and over again. 
When the mercury becomes dirty from particles of sulphides it 
may be cleaned by shaking with a few cubic centimeters of 
strong hydrochloric acid, washed with water, and dried on a 
filter paper, or it may be filtered through chamois. Tests can 
be made at regular intervals, and the filter sheets from the 
tests can be marked according to time and other data and 
posted on a board in the laboratory or at the treating plant; 
thus the chemist or operator can see at a glance how the treater 
is functioning and make changes to correspond. 

The test seems to be more severe than the copper-strip 
test, as a perfectly clean paper is seldom obtained; but the 
range or gradations are much greater, which should allow much 
better control of the treating plant. 
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This test may also be used in testing the corrosion of gaso- 
lines that are too volatile to run by the copper-strip method. 

This test seems to offer possibilities, especially in the 
control of continuous sweetening plants using the sodium 
plumbite method of sweetening and in testing the corrosion 
of very volatile gasolines. 


THE FRANKLIN INSTITUTE. 


(Proceedings of the Stated Meeting held Wednesday, April 18, 1928.) 

THE regular monthly meeting of the Institute was called to order at three- 
thirty p.m. by the Senior Vice-President, Mr. Henry Howson. 

The Secretary announced that the minutes of the March meeting of the 
Institute had been printed in full in the April number of the JOURNAL and moved 
that these minutes be approved as printed. The motion was seconded and 
unanimously adopted. 

The Secretary made a report concerning changes in membership since the 
preceding report. The following elections have been made: nine Resident, 
six Non-Resident, three Student. During the same interval the deaths of six 
members of the Institute occurred. 

The following report of a Special Committee, consisting of W. H. Fulweiler, 
Chairman, Dr. Henry Leffmann, and Dr. George F. Stradling, appointed at the 
stated meeting of The Franklin Institute held Wednesday, February fifteenth, 
has been presented. It is a minute expressive of the sentiments of the general 
membership of the Institute concerning the death of the President of the Institute, 
Dr. W. C. L. Eglin. It is to be spread upon the minutes of the meeting and a 
copy of it is to be sent to the family of Dr. Eglin. 

Your Committee appointed at stated meeting held February 15, 1928, to 
prepare minute upon the death of Dr. Wm. C. L. Eglin, begs to submit the follow- 
ing proposed minute: l 


In the death of Dr. Wm. C. L. Eglin The Franklin Institute loses one 
who has devoted his best thought and endeavor to the growth and prosperity 
of The Franklin Institute since his association with it in 1891. 

Since Dr. Eglin’s election as President of the Institute in 1924, much 
of the progress of the Institute has been due to his capable leadership and 
the wisdom he has brought to bear upon the numerous problems of the 
Institute. 

Notable in the work of Dr. Eglin was his successful direction of the 
Centennial of the Institute in 1924. His efforts in bringing together a 
distinguished group of scientists who took part in the commemorative 
exercises, his qualities as a host and his executive ability contributed to 
make the celebration noteworthy. 

To be mentioned particularly among the good works that Dı. Eglin 
has accomplished for the benefit of The Franklin Institute are the Christmas 
Week Lectures for young people, from which much fruit has been derived. 

The membership at large of the Institute desire to indicate their appreci- 
ation of Dr. Eglin’s long and useful services to the Institute and to express 
their sorrow at his death and to extend their most sincere sympathy to 
his family. | 


The Secretary stated that the Board of Managers recommended the election 
to Honorary Membership in the Institute of Dr. Charles Francis Brush of Cleve- 
land, Ohio, and Professor Doctor Walther Nernst of Berlin University, Germany, 


VoL. 205, No. 1229—50 733 


734 COMMITTEE ON SCIENCE AND THE ARTS. UFL 


to whom Franklin Medals have been awarded and are to be presented at the 
Medal Day meeting on May sixteenth. The meeting unanimously, by rising 
vote, adopted this recommendation of the Board of Managers, and the two 
gentlemen were declared elected to Honorary Membership. 

The Secretary then read notices concerning an open meeting of the Committee 
on Science and the Arts to be held on Wednesday, May second; concerning the 
Medal Day exercises; and concerning the showings of the museum film for 
the benefit of the general membership of the Institute. 

There was no further Institute business and the programme of the day 
followed. 

The Senior Vice-President, Mr. Howson, presented Dr. Charles F. Brush 
of Cleveland, Ohio, who talked on ‘‘Some Reminiscences of Early Electric 
Lighting.” The paper by Dr. Brush was followed by a paper by Dr. Elihu 
Thomson of Lynn, Massachusetts, on ‘‘The Pioneer Investigations on Dynamo 
Machines Fifty Years Ago.” 

The Secretary of the Institute showed photographs illustrating the develop- 
ments in dynamo construction of the last fifty years and expressed the appreciation 
of the Institute for the talks delivered by the two speakers of the day. 

As there was no further business the meeting adjourned at four-fifty- 
three p.m. 

HowarD McCLENAHAN, 
Secretary. 


COMMITTEE ON SCIENCE AND THE ARTS. 


(Abstract of Proceedings of Stated Meeting held Wednesday, April 4, 1928.) 


HALL OF THE COMMITTEE, 
PHILADELPHIA, April 4, 1928. 


DOCTOR GEORGE S. CRAMPTON in the Chair. 


The following reports were presented for first reading: 
No. 2877: Improved Refractometer. 

This report recommended the award of the Edward Longstreth Medal to 
Mr. Warren P. Valentine of Philadelphia, Pa., ‘‘In consideration of the meritorious 
work shown in the improvement of the mechanical and optical parts of the Abbe 
Refractometer, thereby increasing its accuracy.” 

After a discussion in which the fact that Mr. Valentine makes the prisms for 
this instrument was brought out, the report was passed to a final reading and 
on motion was adopted. 

No. 2892: Work of Mr. William F. Kiesel, Jr. 

This report was presented for first reading and on motion was passed to a 
final reading, the report recommending the award of the George R. Henderson 
Medal to Mr. William F. Kiesel, Jr., of Altoona, Pa., ‘‘In consideration of his 
numerous inventions of outstanding value in locomotive and railway car design 


and construction.” 
Gro. A. HOADLEY, 


Secretary to Commitee. 
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MEMBERSHIP NOTES. 
ELECTIONS TO MEMBERSHIP. 
(Stated Meeting, Board of Managers, April 11, 1928.) 
RESIDENT. 


Mr. Henry Crewpson, Mechanical Engineer, Viscose Company, Marcus 
Hook, Pa. 


Dr. WALTER ARCHER MACNair, Physicist, Victor Talking Machine Company, 
Camden, New Jersey. 

Dr. FRED PauL NABENHAUER, Research Chemist, 35 Poplar Street, Phila- 
delphia, Pa. 

Mr. EpMUND RICHARD THEws, Consulting Metallurgist, 950 Mulford Building, 
Fifteenth and Wallace Streets, Philadelphia, Pa. 


NON-RESIDENT. 


Mr. BENJAMIN Hear, Analytical Chemist and Works Superintendent, The 
Chloride Electrical Storage Co., Ltd., Clifton Junction, near Manchester, 
England. 

Mr. H. W. Major, Manufacturer of Fishing Tackle, 250 East Seventh Street, 
Long Beach, California. 


CONTRIBUTING. 


Representing Leeds and Northrup. 
Mr. M. J. BRADLEY, 4901 Stenton Avenue, Philadelphia, Pa. 


CHANGES OF ADDRESS. 


Mr. RoBErtT R. ABBOTT, 2938 Berkshire Road, Cleveland, Ohio. 

H. CARL ALBRECHT, Esq., Assistant Operating Manager, Philadelphia Electric 
Company, 1000 Chestnut Street, Philadelphia, Pa. 

Mr. CHARLES E. BONINE, 1404 Franklin Bank Building, 1417 Sansom Street, 
Philadelphia, Pa. 

Dr. ALLERTON S. CUSHMAN, 250 Park Avenue, New York City, N. Y. 

Mr. CHARLES ENGELHARD, Charles Engelhard, Inc., g0 Chestnut Street, Newark, 
New Jersey. 

Mr. ARTHUR FALKENAU, 40 Earle Place, New Rochelle, N. Y. 

Mr. I. H. Francis, 1520 Locust Street, Philadelphia, Pa. 

Mr. HENRY KIPPENBERG, Starnberg bei München, Vordere Miihlbergstrasse 1, 
Germany. 

Dr. Ratpo H. Mutter, Department of Chemistry, Washington Square College, 
New York University, Washington Square, East, New York City. 

Pror. S. W. Parr, 159 Chemistry Building, University of Illinois, Urbana, 
Illinois. 

JAMEs S. RoGErs, Esq., 1306 Land Title Building, Philadelphia, Pa. 

Dr. G. D. ROSENGARTEN, P. O. Box 1625, Philadelphia, Pa. 

Mr. Joun P. B. SINKLER, 1520 Locust Street, Philadelphia, Pa. 

Mr. Noe T. WELLMAN, 49 Prospect Street, East Orange, N. J. 
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NECROLOGY. 
lm 


Gaetano Lanza, engineer, born in Boston, September 26, 1848, died in 
Philadelphia, March 21, 1928. He was educated in Virginia and received his 
professional training at the University of Virginia. The degree of Civil Engineer 
was conferred upon him by that institution in 1869 and in the following year he 
received also the degrees of Bachelor of Science and Mechanical Engineer. 

For two years he served as assistant instructor in mathematics at the Uni- 
versity of Virginia and in 1872 he received his first appointment at the Massa- 
chusetts Institute of Technology. For nearly forty years he was connected with 
this institution, first as instructor and assistant professor, then as professor of 
theoretical and applied mechanics, and from 1883 to r911 he was in charge of the 
Department of Mechanical Engineering. In the latter year he was made emeritus 
professor. 

He came to Philadelphia and became special consultant for the Baldwin 
Locomotive Works. 

He was the author of several works on mechanics, his best-known being 
“ Applied Mechanics,” first published in 1885. 

Professor Lanza was a member of the leading engineering societies of the 
world. He became a member of The Franklin Institute in 1912 and for a number 
of years was one of the Associate Editors of the JOURNAL OF THE FRANKLIN 
INSTITUTE. 


Theodore William Richards, Ph.D., LL.D., Sc.D., Ch.D., M.D., was born in 
Philadelphia, January 31, 1868, and died at Cambridge, Mass., on April 2, 1928. 
He was educated by private tutors and at the age of fifteen became a sophomore 
at Haverford College, where he devoted most of his time to the study of chemistry. 
Two years later he entered the senior class at Harvard University, graduating in 
the following year with highest honors in chemistry. In 1888 he received the 
degree of Master of Arts and Doctor of Philosophy from the same institution. 
After spending a year in study in Europe he returned to Harvard University as 
assistant in chemistry, later becoming professor of chemistry and after the 
foundation of the Wolcott Gibbs Memorial Laboratory he was appointed its 
director. 

His activities were not confined to any one branch of chemical investigations 
but he is best known for his researches on the atomic weights of more than 
twenty elements. 

He was the recipient of the Davy Medal of the Royal Society, 1910, Faraday 
Medal of the Chemical Society, 1911, Willard Gibbs Medal of the American 
Chemical Society, 1912, The Franklin Medal, 1916, Le Blanc and Lavoisier 
Medals, 1922, and the Nobel Prize in Chemistry in 1914. 


Mr. Henry M. Canby, Wilmington, Delaware. 
Mr. Albert W. Smith, Cleveland, Ohio. 
Hon. W. C. Sproul, Philadelphia, Pa. 
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LIBRARY NOTES. 


RECENT ADDITIONS. 


BUCKINGHAM, EARLE.—Spur Gears. 1928. 

Colloid Symposium Monograph, Volume 5, Edited by H. B. Weiser. 1928. 
CoLvin, FRED H. AND Henry F.—Aircraft Handbook. Third edition. 1928. 
FERNALD, R. H., anD G. A. Orrox.—Engineering of Power Plants. Third 


edition. 1927. 
Forp, Henry, in collaboration with SAMUEL CROWTHER.—My Life and Work. 
1926. 


Fundamentals of Dairy Science, by the Associates of Lore A. Rogers. 1928. 

International Critical Tables of Numerical Data, Physics, Chemistry and 
Technology. Volume 3. 1928. 

London, Metropolitan Water Board. Twenty-fourth Annual Report, 1926-27. 

PAGE, Victor W.—Modern Aircraft. 1928. 

Rawpon, Henry S.—Protective Metallic Coatings. 1928. 

SPOONER, THOMAS.—Properties and Testing of Magnetic Materials. First 
edition. 1927. 

TuHomson, G. P.—Applied Aerodynamics. No date. 

WaLL, T. F.—Applied Magnetism. 1927. 

Witson, SAMUEL P.—Pyroxylin Enamels and Lacquers. Second edition, en- 
larged. 1927. 


BOOK REVIEWS. 


THE CHEMISTRY OF LEATHER MANUFACTURE. By John Arthur Wilson, Chief 
Chemist, A. F. Gallun & Sons Co. (Tanners), Milwaukee, Wisconsin. Second 
Edition, Volume I, American Chemical Society, Monograph Series No. 12. 
495 pages, illustrations, 8vo. New York, The Chemical Catalog Company, 
Inc., 1928. Price, $10. 


“ Nothing like leather” is an old saying. The story of its origin need not be 
here repeated as it is probably not true. The preparation of animal skins for 
human use must date back to a very remote past. Even nations that are now in 
very primitive conditions are familiar with methods by which skins can be 
permanently preserved and more or less decorated. Up to a comparatively 
recent period the manufacture of leather was largely dependent upon empiric 
systems. It was a trade carried on from master to apprentice and based upon 
traditional standards. There is a reference in the New Testament to the house 
of Simon the Tanner and there are many other references in ancient literature. 
The principal method of preparing leather in civilized countries in more modern 
days has been the use of materials containing tannin. As with other great 
industries, chemical investigation began many years ago and has finally been 
brought to a very high degree of excellence. The crude and rough methods of 
tanning with natural products have given way to the employment of specific 
chemicals and have thus put upon the market a considerable variety of leathers 
adapted to special purposes. 

The present volume covers the chemistry and physical chemistry of leather 
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manufacture by means of the vegetable tanning materials. It is very compre- 
hensive in its scope, discussing first the histology of the skins, their chemical 
constitution, the physical chemistry of the protein materials, and in detail all 
the procedures from the raw skin to the finished product. There is also included 
a chapter on the nature and composition of the vegetable tanning materials and 
their valuation both as original substances and in their applications to the manu- 
facture of leather. There isa very large amount of modern chemistry and physical 
chemistry included in the text and the work is illustrated with a number of very 
fine engravings of tissues under magnifying power. It will therefore constitute 
a manual of instruction to all who are engaged in the manufacture of leather. 
HENRY LEFFMANN. 


CoLLoip SyMposituM MonoGrapH. Edited by Henry Boyer Weiser, Professor of 
Chemistry, The Rice Institute, Houston, Texas. 394 pages, 8vo. New 
York, The Chemical Catalog Company, Inc., 1928. Price, $6.50. 
Primarily, a symposium is a drinking bout, but although the participants in 

the fifth national colloid symposium, of which this volume is a report, were made 
comfortable at Ann Arbor where the meeting was held, the ‘‘feast of reason” 
was the exclusive feature. The complicated problems of colloid chemistry were 
presented in a great variety of forms, but in some respects the present volume is 
different from much of the material offered in works upon the subject. Con- 
siderable space is given to the relations of physiologic processes to colloid chemistry 
and physical chemistry. Noticeable in this respect is an article on the relation of 
hydrophilic colloids to the hardiness of winter insects. Several species of insects 
were tested with carefully constructed apparatus and it was found that ‘‘ bound 
water’’ and water adsorption have important influences on the power of both 
plants and animals to withstand cold. 

Another paper of special type is on adsorption and crystal form. It is some- 
what refreshing to note references to crystals in a work on colloids. Reference 
is made in the beginning of the article to the long known fact that while a pure 
sodium chloride solution will give cubes the addition of urea will produce marked 
octahedral faces. Other additions such as free alkali will also bring about 
modifications. The article discusses the physical chemistry of these influences. 
The result of careful and elaborate research is to show that a new technic has 
been developed by which the influence of impurities on crystal forms can be 
predicted. This is a matter which will interest mineralogists, who are now paying 
greater attention than ever to the question of mineral forms. 

Many other interesting and important contributions are to be found in the 
volume, which exhibits the excellent composition and press-work of the well- 


known publishing company. i 
HENRY LEFFMANN. 


COURS D'ÉLECTRICITÉ THÉORIQUE, PROFESSÉ A L’ECOLE PROFESSIONNELLE 
SUPÉRIEURE DES PosTES ET TELEGRAPHES. Par J. B. Pomey, Ingénieur en 
Chef des Postes et Télégraphes. Vol. II, 373 pages, 25x16 cm., paper. 
Paris, Gauthier-Villars et Cie, 1928. Price, 100 francs. 


More and more are engineers, particularly those who deal with electrical 
subjects, called upon to apply types of mathematical processes in the solution of 
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the problems of their art in which formerly only mathematical specialists were 
proficient. Gradually, as the results of recent mathematical investigation and 
experimental verification have assumed definite form, many of these processes 
have come into use in engineering texts. To a greater degree than most others 
of its type, this work which develops electrical theory without losing contact with 
the practical aspects of the subject is especially liberal in the use of such mathe- 
matical devices. Accordingly a very substantial mathematical preparation on 
the part of the reader is presupposed. 

The author begins with an examination of the variable period of current- 
increment in a cable by the method which he communicated to the Institut 
bearing the date of May Ist, 1911 in which he shows the relations which exist 
between the divers forms of solution and the theta-functions of Jacobi. It being 
necessary to harmonize the telegraph equation with the results of an examination 
of the electromagnetic field in the vicinity of a cylindrical conductor, the conditions 
of this verification are prescribed after the methods of Poincaré. Proceeding to 
stable periodic conditions, he introduces the electromotive waves conceived by 
M. Aguillon, chief-engineer of the bureau of telegraphs. He gives a diagram 
which illustrates this theory, and defines the phenomena of reflection which are 
produced at the junction of two lines which have different properties. 

Two-wire artificial lines have recently been given the name ‘‘quadripole.” 
He has drawn for this chapter on articles which have appeared in Telegraphen 
und Fernsprechtechnik, on the writings of Breisig and of K. S. Johnson and on 
the memoirs of Plejel. Among these quadripoles may be recognized electric 
filters which are proving so useful in wireless and in cable transmission. An 
outline of pupinization is given, then the theories of the telephone of Poincaré 
and Kennelly. These lead to an equation of an electro-mechanical quadripole. 

The conditions requisite for the generation of oscillations in a circuit in which 
the resistance may become negative is treated according to the method of MM. 
Elie and Henri Cartan who have rigorously demonstrated how oscillations are 
generated and how they tend to assume a stable periodic condition. The author 
then considers in a summary manner the propagation of electric waves in space; 
he defines the velocity of a signal as that of the propagation of a disturbance 
which affects the carrier-wave. He makes a comparison between electric energy 
and elastic energy in order to emphasize the differences peculiar to each. Then 
he considers the conception of internal energy of a system of magnets and currents 
after the notable work of M. Liénard. The volume concludes with a summary 
of molecular theories of magnetism. 

As may be gathered from the above citations, there is much in the book 
which has as yet only appeared in the form of memoirs while original methods 
are employed in the discussion of other topics. Telegraph engineers and others 
interested in the propagation of electric currents will accordingly find this work 
a fertile source of recent record of progress in this important piant gA ma art. 


ÉLÉMENTS DE THERMODYNAMIQUE. Par Charles Fabry, Membre de l'Institut, 
Professeur à la Sorbonne et à l'École polytechnique. 216 pages, 17 x II cm., 
paper. Paris, Armand Colin, 1928. Price, 9 francs. 


The importance of the energy relationships of thermal phenomena in every 
branch of physics has long been well-appreciated and thermodynamics over a 
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long period of years has received a very full share of refinement of presentation 
in the hands of many eminent writers. Professor Fabry under whom students 
at the two famous schools, the Sorbonne and the Ecole Polytechnique, have had 
the good fortune to study that subject, has had the happy inspiration to con- 
tribute an abridgment of this course of study to the collection of scientific texts 
of the Armand Colin series. 

In that form, we have a text that is not only of rare value for a first 
acquaintance of this abstract subject, but one whose treatment is in adequate 
detail to furnish a working knowledge of principles which are applicable to many 
of the requirements of practice. Moreover there are doubtless many readers of 
the more exhaustive treatises whose task will be much lightened by a reference 
to this unusually lucid presentation. The work is a notable addition to the 
valuable series of condensed texts to which it belongs. . 

Lucien E. PICOLET. 


APPAREILS ET MÉTHODES DE MESURES MÉCANIQUES. Par le Lt.-Colonel Jules 
Raibaud, Chef des Travaux pratiques de Mécanique à l'Ecole Polytechnique. 
(No. 99, Collection Armand Colin.) 215 pages, 17x11 cm., paper, illus- 
trated. Paris, Librairie Armand Colin, 1928. Price, bound, Io f. 25, 
paper 9 f. 

Most of the data available on the apparatus and methods applicable to the 
measurement of the innumerable variety of quantities which occurs in scientific 
investigation or in the industries are to be found in treatises on each particular 
type of such activity. Notable among these are the several works on experi- 
menta! engineering and works on machine-shop practice, to say nothing of the 
well-illustrated catalogues of manufacturers of measuring appliances used in 
the machine-shop. 

The present volume is designed to present in compact form the principles 
and methods of effecting the purely mechanical measurements in the engineering 
laboratory. The topics are: Time, velocity, acceleration, mass, force, pressure, 
work, elastic magnitudes, and an appendix on correlative units of measure. 
It will be noted that no appliances for measures of length or methods of precise 
gauging are included. There are no complete apparatus described, only principles 
are discussed which are adequately illustrated in diagrammatic form. The 
author’s attention is called to an error in the diagram Fig. 51a. The bob-weight 
and scale-arm should be interchanged to obtain the tangent relation stated; 
as shown it is quite inoperative. 

It is obviously impossible in a book of this kind to treat in more than a 
summary manner each of the topics noted which would require a volume of 
considerable size for full treatment, but it has much suggestive value to the 
technologist and is an excellent outline for a general view of the subject. 

Lucien E. PICOLET. 


PUBLICATIONS RECEIVED. 


Colloid Symposium Monograph. Papers presented at the Fifth National 
Symposium on Colloid Chemistry, University of Michigan, June 1927. Edited 
by Harry Boyer Weiser. 394 pages, illustrations, 8vo. New York, The Chemical 
Catalog Company, Inc., 1928, price $6.50. 
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Elements of Machine Design, by James D. Hoffman, M.E., and Lynn A. 
Scipio, M.E. 327 pages, illustrations, 8vo. Boston, Ginn and Company, 1928, 
price $3.80. 

The Chemistry of Leather Manufacture, by John Arthur Wilson. American 
Chemical Society Monograph, No. 12. Second edition, volume one. 495 pages, 
illustrations, 8vo. New York, The Chemical Catalog Company, Inc., 1928, 
price $10.00. 

National Electrical Safety Code. Fourth edition, December 31, 1926. Hand- 
book series of the Bureau of Standards, No. 3. 525 pages, diagrams, tables, 
12mo. Washington, Government Printing Office, 1927, price $1.00. 

How to Build and Operate “The Wireless World” Moving Coil Loud Speaker. 
Complete constructional details and dimensional drawings by F. H. Haynes, 
assistant editor. 32 pages, illustrations, 8vo. London, Iliffe and Sons, Ltd., 
1928, price 1 shilling, 6 pence. | 

Crystallographic Tables for the Determination of Minerals, by Victor Gold- 
schmidt (Heidelberg) and Samuel G. Gordon (Philadelphia). Special Publication 
No. 2, The Academy of Natural Sciences of Philadelphia. 70 pages, 8vo. Phila- 
delphia, 1928, price $1.50. 

The Chemical Effects of Alpha Particles and Electrons, by Samuel C. Lind, 
Ph.D. American Chemical Society Monograph Series No. 2. Second (revised 
and enlarged) edition. 252 pages, illustrations, 8vo. New York, The Chemical 
Catalog Company, Inc., 1928, price $5.00. 

The Elements of Economic Geology, by J. W. Gregory, D.Sc. 312 pages, 
illustrations, 12mo. New York, E. P. Dutton and Company, 1928, price $3.25. 

La Théorie de la Relativité et la Mecanique Céleste, par Jean Chazy. Tome I. 
261 pages, illustrations, 8vo. Paris, Gauthier-Villars et Cie., 1928, price 60 
francs. 

Mémorial des Sciences Physiques, publié sous le patronage de !'Academie 
des Sciences de Paris. Fascicule I, La mécanique ondulatoire par M. Louis de 
Broglie, 55 pages, 8vo. Fascicule II, La télémétrie monostatique par M. Armand 
de Gramont. 64 pages, illustrations, plate, 8vo. Paris, Gauthier-Villars et Cie., 
1928, price, per part, fifteen francs. | 

Kathodenoszilograph, von Prof. A. Matthias und Dr. Ing. D. Gabor. Sonder- 
heft, Forschungshefte der Studiengesellschaft fiir Héchstspannungsanlagen. 77 
pages, illustrations, quarto. Berlin, Vereinigung der Elektrizitatswerke e. V., 
1927, price 12 marks. 

Report of a Survey of Transportation on the State Highways of Vermont, by the 
Bureau of Public Roads, U. S. Department of Agriculture and the Vermont State 
Highway Department. 80 pages, illustrations, maps, quarto. 

Report of a Survey of Transportation on the State Highways of New Hampshire, 
by the Bureau of Public Roads, U. S. Department of Agriculture and the New 
Hampshire State Highway Department. 79 pages, illustrations, map, quarto, 
1927. 

National Advisory Committee for Aéronautics, Technical Notes. No. 279, 
Resistance of Streamline Wires by George L. De Foe, 7 pages, diagrams, quarto. 
No. 280, Drag of Exposed Fittings and Suiface Irregularities on Airplane Fuselages 
by Donald H. Wood, 10 pages, illustrations, quarto. No. 281, A Comparison of 
Propeller and Centrifugal Fans for Circulating the Air in a Wind Tunnel by 
pred. E. Weick, 7 pages, illustrations, quarto. Washington, Committee, 1928. 


CURRENT TOPICS 


New Results on Cosmic Rays. R. A. MILLIKAN and G. 
H. CAMERON. (Nature, Jan. 7, 1928.) This is the report of 
an evening lecture given by Prof. Millikan at the meeting of 
the British Association for the Advancement of Science last 
summer. He limits the application of the term ‘cosmic rays’ 
to the small part of ‘penetrating radiation’ that is of cosmic 
origin. Not all physicists were convinced a year or two ago 
of the existence of cosmic rays. Besides this there has 
been a very wide divergence between the estimates of the 
intensity of this problematical radiation furnished by Hoff- 
mann, Swann, Kohlhoerster and the California investigators. 

In 1903 McLennan, Rutherford and others found that 
the rate of discharge of electroscopes near the earth could be 
considerably retarded by surrounding them with one layer 
of lead after another. This observation demonstrated the 
existence of ‘penetrating radiation.’ In 1910 Gockel, having 
used an enclosed electroscope in a balloon 4,500 meters above 
the earth’s surface, discovered that at this altitude the 
penetrating radiation was more intense there than at the 
surface. This suggested that at least some of this radiation 
came into the atmosphere from above, an origin proposed 
four years earlier by Richardson. Two others, Hess and 
Kohlhoerster separately confirmed his results. The latter 
announced that the intensity of the radiation decreased from 
the earth up to 1,000 m. and then increased up to 9,000 m. 
where it was about seven times as great as at the surface. 
The war caused a hiatus in experimenting but in 1921 and 
1922 Millikan and Bowen sent up sounding balloons to an 
elevation of nearly 10 miles. Their instruments left below 
them nine-tenths of the mass of atmosphere and by their 
readings testified to the general correctness of the increasing 
discharge rate predicated for high altitudes. It was, however, 
found that the rate at the highest points reached was not as 
large as would have been predicted from Kohlhoerster’s 
figures, “thus showing that the ‘penetrating rays,’ if they 
come from above, were actually more penetrating than had 
been supposed up to that time.” The summer of 1923 was 
fruitful in the measurement of coefficients of absorption of 
the penetrating rays in substances other than the air. Kohl- 
hoerster from experiments on the shielding power of Alpine 
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glaciers deduced an absorption coefficient of .25 per meter 
of water. This quantity removed the discrepancy between 
the results of his balloon observations and those made in 
America. Millikan and Otis worked on the top of Pikes 
Peak, surrounding their instruments with thick lead screens. 
They concluded that “if any of the penetrating rays which 
they found on the Peak were of cosmic origin they had to be 
more penetrating, or less strong, than corresponded even 
with the reduced values found by Kohlhoerster.’’ They 
discovered no new evidence of the existence of cosmic rays. 
‘Indeed, up to 1925, there appears from the literature to 
have been no feeling of certainty in any quarter that the 
existence of cosmic rays had been proved.” Hoffmann in 
Germany and Swann in America had obtained experimental 
results seemingly incompatible with the presence of such rays. 

In 1925 Millikan and Cameron sunk sealed electroscopes 
in deep lakes fed by snow water. Ordinary lakes are con- 
taminated by radioactive substances derived from the earth’s 
crust. The ionization at the surface of Muir Lake, altitude 
3,590 m., amounted to 13.3 ions per c.c. per sec. As the 
electroscope descended into the water the number of ions 
diminished regularly to 3.6 ions at a depth of 18 m. Below 
this level no further decrease could be noted. ‘“‘This was 
the first time the zero of an electroscope—the reading with 
all external radiations completely cut out—had been definitely 
determined.” The observations proved one of two things, 
the presence at the surface of the lake of a radiation that 
could pass through 18 m. of water before all of it was absorbed 
or some remarkable distribution of radioactive material in 
the water. To discriminate between these two possibilities 
similar experiments were repeated in a second snow-fed lake 
300 miles south of Muir Lake and 2,060 m. lower in altitude. 
The two sets of observations agreed thoroughly. The 2,060 
additional meters of air through which radiation had to 
pass in going from the level of Muir Lake to the surface of 
the second body of water was in theory equivalent in absorbing 
power to 1.8 m. or 6 ft. of water and it was found that the 
ionization at a level in the second lake was in general equal 
to that occurring at a level in Muir Lake 6 ft. nearer to the 
surface of its water than was the level of comparison in the 
lower lake to its surface. Thus was ruled out the hypothesis 
of strange radioactive distribution in Muir Lake. In addition 
it could not be maintained that the rays in question had 
their origin in the atmosphere lying between the levels of the 
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two lakes, because this intervening layer of air comported 
itself as a passive, absorbing blanket, acting in all ways as 
if the rays came from above. Besides it was shown that the 
rays were just alike at the same altitude for places 300 miles 
apart. These facts joined to the absence of evidence that 
the intensity of the rays varies with the part of the sky 
above the post of observation indicates that the rays that 
are present at high altitudes do not originate in the atmos- 
phere or at least in the lower part of it. 

In 1926 experiments were carried out in the Bolivian 
Andes at an elevation of 3,800 m. or more. Determinations 
at Lake Titicaca and at a higher body of water agreed with 
what had been found in the Northern Hemisphere. This 
coincidence of result rendered improbable the production of 
‘cosmic radiation’ by the impact of high-speed beta rays 
upon the outer layers of the atmosphere, since such a method 
of production would be expected to be more intense near the 
earth’s magnetic pole than near its equator. C. T. R. Wilson 
had advanced a suggestion that the rays were due ‘‘to the 
integration of the effects of the impact in the earth’s atmos- 
phere of electrons endowed with many millions of volts of 
energy acquired in thunderstorms.” There was good agree- 
ment between the ionization results gotten on Lake Miguilla, 
shut in by high mountains and therefore shielded from the 
effects of thunderstorms, and those obtained in California. 
The authors believe that Wilson’s hypothesis may be rejected. 

As a part of the work of the expedition to South America 
a careful study was made of change of intensity in connection 
with the part of the sky above the station “We took two 
long series of observations, each lasting three days, at an 
altitude of 15,400 ft. (4,620 m.) in a deep valley from which 
the Milky Way was in sight for a period of 5 or 6 hours and 
then practically out of sight for another 6 hours. We could 
detect no difference at all in the value of the readings when 
the Milky Way was overhead and when it was out of sight.” 
In this they agree with Hoffmann and Steinke but are opposed 
to Buettner and Kohlhoerster. The authors emphasize the 
need of settling this point definitely as an important pre- 
liminary step to locating the source of the rays. 

In 1926 the authors had much more sensitive electroscopes 
constructed and with them resumed the study of ‘cosmic 
radiation’ in California. Instead of the submerged instru- 
ment reaching a steady state of ionization when it was 60 ft. 
below the water surface it continued to indicate reduction of 
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ionization until a depth of 164 ft. was attained. ‘‘ Taking 
into account the absorption of the atmosphere above Gem 
Lake, which is the equivalent of 7.45 meters of water, the 
new experiments reveal rays so penetrating as to pass through 
57 meters (190 ft.) of water, or 5 m. (16.7 ft.) of lead before 
being completely absorbed.” A study of the absorption 
indicates the presence in the radiation of wave-lengths from 
.00053 to .ooo21 A. 

The cosmic rays may be produced by the impact of rapidly 
moving electrons upon atomic nuclei. “These rays must 
come in the main from beyond the Milky Way.” The influx 
of energy at the outer layer of the earth’s atmosphere amounts 
to 3.1 X 10°‘ ergs per sq. cm. per sec. or 1/10 of the influx 
of light and heat from the stars. 

G. F.S. 


Oregon Great Power State.—The potential water-power 
resources of Oregon amount to 3,665,000 horsepower as esti- 
mated from the stream flow available 90 per cent. of the time, 
or 5,890,000 horsepower as estimated from the flow for 50 per 
cent. of the time, if storage is provided in feasible reservoir 
sites, according to a statement made public by the Department 
of the Interior based on field work and studies of the Geological 
Survey. River surveys have been made and maps published 
by the Geological Survey covering 1,674 miles of rivers in 
Oregon. The river surveys included a number of reservoir 
ark and in addition 47 dam sites were surveyed on a large 
scale. 

Some idea of what nearly 6 million horsepower of potential 
water power in the rivers of Oregon may mean to the future 
of the State can be gained from the fact that so far only about 
3 per cent. of these water-power resources have been utilized 
and that with complete development the installed capacity of 
water wheels might amount to 8 million horsepower or more. 
The latter igure may be compared with the installed capacity 
of water wheels in plants of 100 horsepower or more in the 
whole United States, which at the end of 1926 amounted to 
11,721,000 horsepower. 

Some of the large rivers in Oregon for which recent esti- 
mates have been made by the Geological Survey are listed 
below; the figures are based on the flow available 50 per cent. 
of the time. The figures for the Columbia River and the 
Snake and Klamath River Basins represent only Oregon’s 
share of the resources of these rivers: 
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Horsepower 
Columbia River... 2... ... 0... 0c cece cece cece cette ee eees 1,408,000 
Klamath River Basin: 2.62 44.425 seaSeveen Gowrie wl e46a4 132,000 
Umpqua River Basin........... 0... ccc cece cece cence eens 561,000 
Rogue River Basin .i.34.$0ca chess de aed sehidaw ia wlesass 532,000 
Snake River Basins ¢..¢c06 cusses eanwttaradetiaieveseowaunes 823,000 
Deschutes River Basin... 2.0... ccc ec tee eee eees 734,000 


In its work of classifying the public lands, as provided by 
law, the Geological Survey is collecting detailed information 
concerning the agricultural and mineral character and power- 
site value of every tract of public land and thus obtaining a 
mass of information concerning natural resources that is of 
great value to the States containing these lands. In Oregon, 
for example, the Klamath, Rogue, and Umpqua Rivers have 
been described in water-power reports made public in manu- 
script form. The power and irrigation resources of Deschutes 
River are described in Water-Supply Paper 344. 

Many of the maps of the rivers of Oregon have been 
published by the Geological Survey in its regular water-supply 
papers and others are published as river-survey maps. The 
sections of rivers covered by these surveys made before 1927 
are listed in Water-Supply Paper 558. 

The manuscript reports on the water-power resources of 
Oregon and the maps of its rivers may be consulted at the 
office of the Geological Survey, in Washington, D. C. 
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SOME ELECTROPHYSICAL CONDITIONS DETERMINING 
LIGHTNING SURGES.* 


BY 


HARALD NORINDER, Ph.D. 
Swedish State Power Organization. 


THE nature of lightning surges in transmission systems is 
influenced by given electrostatic and electrodynamic con- 
ditions in the thunderstorm cloud. Of importance in this 
respect is the intensity of the field, the distributions of the 
volume charge and the discharging character of the lightning. 
It is not possible to give a theoretical analysis of these different 
factors in agreement with the real conditions in the thunder- 
storm atmosphere. To establish an unfailing precalculation 
of the discharging character of lightning is thus impossible. 
Only by concrete and direct observations can we gain a true 
understanding of the nature of lightning. 

On the other hand, when it is necessary to procure a 
fundamental view of the general electrophysical conditions of 
the lightning surges, it may be of some interest to take into 
consideration some theoretical speculations. 


1. DISTRIBUTION OF CHARGE AND CALCULATION OF THE FIELD FORCE. 


The electric fields of thunderstorms are defined by the 
suspended electrically charged particles in the thunderstorm 
atmosphere. For an exact calculation of the field force, it 


* Presented at a meeting held Thursday, January 26, 1928. 
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is necessary to know the magnitude of charge per volume 
unity and its geometrical distribution, while the fact is that 
the field force can be calculated by an integration of the 
volume charges. It has not yet been possible to get any 
observations about the distribution of the volume charge in 
the thunderstorm clouds and, when calculating, it is thus 
quite necessary to make some simple assumptions. 

The most elementary calculation can be performed by 
supposition of a uniform charge distributed within a sphere. 
The charge can in such a case be considered as concentrated 
at the center of the sphere. We have calculated the field 
for such distribution in order to secure an estimate of the 
dimensions of the field force. The uniform charge has been 
supposed to be within a sphere with a radius of 10* meter 
and with the lowest point of the sphere 10° meter above the 
earth’s surface. The water quantity of the cloud has been esti- 
mated to amount to 4 grams per cubic meter. If this quantity 
is supposed to fall to earth on a surface of the great circle of 
the sphere, the quantity corresponds to a precipitation height 
that is not too high compared with the amount of water that 
generally can be concentrated within a thunderstorm cloud. 
With reference to P. Gschwend’s ! observations of the electric 
charge of rain drops in thunderstorms, each gram of water 
is supposed to contain 5 electrostatic units. With a water 
quantity of 4 grams per cubic meter, the total water quantity 
of the cloud becomes thus 16.8 X 10° gram, and the charge 
5 X 16.8 X 109 = 8.4 X 10% E.S.U. or about 28 coulomb. 
The calculated field force with the earth’s surface insulated 
becomes thus about 60 kilovolts per meter. If the surface is 
supposed to be quite conducting, the Lord Kelvin method of 
images leads to a doubling of the field force. 

Sometimes the real conditions are better approximated by 
supposing, as Seeliger? has done, that the charges are dis- 
tributed in a cylindrical volume. The field force dv/dz in 


1 P, Gschwend, ‘‘ Jahrbuch der Radioaktivität und Elektronik,” Bd. 7, I, 65, 
p. 62, Leipzig, 1920. 
23 R. Seeliger, Sitzber. der Wien. Akad. der Wissenschaften, 125, 9, Wien, 1916. 
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the axial direction is in that case calculated by the formula: 


dv s rdr 
gT 2r f ade f ori (1) 


where z is the height, a the radius and p the volume charge. 
If p is supposed to be independent of r and z, p can be substi- 
tuted by a mean value and (1) becomes: 


T = zrola -a +N Fo -NaF O) 
In (2), dv/dz is the field force at the point z = o for the 
cylinder with its end surfaces between z; and z}. In reality, 
it is not quite possible to consider p independent of r and h 
in (1). It is convenient to calculate with the formula when 
it is necessary to take into consideration the slow variations 
of the field force and the field polarity. The variations in 
such a case may easily be explained by charged water particles 
which are falling with a defined velocity to earth, within a 
cylinder. When the cylinder axis is inclined to the earth’s 
surface, the vertical potential gradient can be found by 
multiplying the value of dv/dz above by the cosine of the 
axis’ angle. As an acceptable example, I have calculated 
dv/dz for the following vertical cylinder. Its lower plane is 
supposed to be 0.5 km. above ground, its radius is 0.2 km. 
and its height = 2 km. The volume charge is supposed 
to be 20 E.S.U. per cubic meter. If the earth’s surface is 
supposed to be a perfect conductor, the vertical gradient 
becomes about 100 kv. per meter. It is not possible by the 
formula (1) to calculate the local field concentrations at the 
edges of the cylinder. In order to perform such a calculation, 
it is necessary to suppose the uniform charge distributed 
within a rotation-ellipsoid. The mathematical results are in 
such a case very complicated and we recommend it to be 
more convenient to perform a direct sounding measurement 
of the equipotential surfaces on a thunderstorm cloud model. 
The measurements can be performed with a water drop 
collector, and we have only to establish a probable average 
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charge on the model. Also. the field distribution easily can 
be observed by the soundings for such special parts of the 
cloud model where a mathematical calculation would be 
impossible to perform. 

By direct observations of thunderstorm fields, we have 
found gradients of 100 to 150 kv./m. The order of magnitude 
of these values is in full agreement with either calculated 
values where the possible uniform charge has been supposed 
to be distributed in spheres, or cylinders, or else with observed 
values from models of clouds with the average charge dis- 
tributed along surfaces of a given curvature. 

It is obvious that more concentrated fields must be 
found at discontinuous regions of the thunderstorm and the 
dynamical movements in the clouds very often can give rise 
to such local concentrations of the charges as are necessary 
to explain the reaching of the disruptive limit of the air by 
very local field concentration regions. 


2. DIMENSIONS OF THE FIELD REGIONS. 


With regard to the lightning surges, it is of special interest 
to observe the dimensions of the charged volumes of the 
thunderstorm cloud. We can suppose that the thunderstorm 
cloud is composed of several small charge regions of different 
polarity, see Fig. 1a, or of greater regions of positive and 


Fic. 1a. 
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negative polarity, see Fig. 1b. Simultaneous records of the 
field on three or four stations ? at different distances have 


3 H. Norinder, Tekn. Tidskrift, 53, p. 188, Stockholm, 1923. 
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led us to regard the form 1b as real. Charges of the same 
polarity are extended over considerable regions of the thunder- 
storm cloud. By the localizing of the discharge regions from 
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three different points on the earth’s surface, it has been proved 
that the larger part of the discharges are developed within 
the internal parts of the thunderstorm atmosphere. Only 
a small part of the lightnings reach from the cloud to earth. 
The region of the main part of the lightnings is marked with 
the hatched surface in Fig. 1b. We must thus very often sup- 
pose localizations of high field force regions within the cloud. 
This concentration can be caused by several dynamical and 
ionic processes in the cloud. 

A discharge sometimes goes from a cloud downward to 
earth without reaching it. Discharges may also be expected 
between the lower parts of the cloud and the earth. Very often 
the discharges go, as mentioned above, between the internal 
parts of the cloud. Sometimes discharges have also been 
observed from the top of a cloud upward into the higher parts 
of the atmosphere. Less frequently do the lightnings go 
either from earth to the cloud or in the opposite direction. 
These different lightning paths are marked in Fig. 2 by 1-5. 
Lightning surges on transmission lines are produced especially 
by the forms I, 2, 4 and 5. By the forms 1 and 2, surges of 
positive polarity are caused. Sometimes a discharge can 
give a double polarity, as is shown in Fig. 3. In such a 
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case, a part of the transmission line is exposed in a positive 
field and another part in a negative field, and both field 
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regions are changed and neutralized by lightning. The 
liberated charges in such a case go out on the line in the form 
of travelling waves. 
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From our own direct observations of lightnings, we have 
drawn the conclusion that the forms 1, 2 and 4 constitute the 
more frequent occurrence of lightning strokes. From direct 
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observations with klydonographs on lightning surges by J. H. 
Cox, McAuley and L. G. Huggins‘ the conclusion has been 
drawn that most surges are of positive polarity. This is 
explained in the following manner: The transmission line 
very often is exposed in a field of negative polarity. By the 
probable discharge directions in the cloud, a part of this 
negative field is neutralized and it thus results in a surge of 
positive polarity. It is obvious that most of the lightnings 
between clouds and the earth end with their positive end 
branches on the earth’s surface. By lightnings to earth, 
cloud regions of negative polarity must be generally neutral- 
ized and thus positive surges preponderate on transmission 
lines. 
3. THE REGIONS DISCHARGED BY LIGHTNINGS. 

The dimensions of the regions in the thunderclouds that 
are discharged by lightning are of importance when estimating 
the primary, horizontal extension of the surges along trans- 
mission lines. If the regions discharged by lightnings should 
be of great extent in a thundercloud, we must postulate a 
small value of the field force in the cloud and vice versa. 
This can be easily verified by the calculating principles given 
above. . 

By simultaneous observations of the field changes on. 
three or four stations, we have found a very pronounced 
limitation of the discharging regions. This is in full agree- 
ment with our researches on the electric field intensity in 
thunderstorms where we have found values ten times higher 
than the values assumed. 

In order to get an estimate of the horizontal field variation 
from a discharging region, we can suppose the following: 
The concentrated charge may be within a small sphere and 
uniformly distributed. The charge thus can be considered as 
concentrated at a point—the center of the sphere, see Fig. 4. 
The charge Q is situated at the height k above the ground. 

The field force dv/dz at a point A, can be calculated by 


4 J. H. Cox, P. H. McAuley, L. G. Huggins, Journal A. I. E. E., pp. 459-467, 
1927. 
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the relation 


(3) 


and dv/dz is thus inversely proportional to the third power 
of the distance to the concentration point of the charge. 
When A; approaches Ao, r and k are approximately equal, 


‘and thus 
dv 2 
a Ww) 


Of special interest is the charge dg induced by Q on an 
element ds of the earth’s surface. The relation is 


dq = -ps (5) 


A transmission line near to the earth’s surface can be 
considered approximately as a part of the earth’s surface. 
The induced charge on a transmission line element may thus 
be approximately equal to the induced charge on a surface 
element ds multiplied with a constant a depending upon the 
characteristics of the line. The total charge Q can be defined 
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by the relation: 
Q=-ak{%. (6) 


When the discharging volume of a lightning stroke is con- 
sidered to be concentrated upon a point, the induced charge 
on a line decreases very rapidly with the distance, as can be 
seen by the relation (6). Wilson’ has calculated with a 
charge of 20 coulomb, a probable value of the charge in a 
lightning, to be concentrated at a point I or 2 km. above 
ground. The result of such acalculation is given in Table I. 


TABLE I. 


Field Force in Kilovolts/Meters. 
Distance from Concen- 


tration Point in Km. Height above Height above 
Ground 1 Km. Ground 2 Km. 

1 km. 152 78 

2 28 28 

3 II 16 

4 7 12 


The calculation of the field variation by the relations 
(3) and (4) is based on considering the charge as static. The 
influence of the rate of discharge is thus quite, neglected. 
We have not in our hands any possibility to precalculate the 
rate of discharge when a flash of lightning is produced within 
a thundercloud, and it has thus been necessary to solve this 
problem in an experimental way. 


4. A RESEARCH OF THE DISCHARGING RATE OF LIGHTNINGS. 


A lightning discharge produces an electromagnetic field to 
which the fundamental equations of Maxwell can be applied. 
It is thus possible to get the variations of this field on ex- 
tended insulated surfaces or antenna wires. The charac- 
teristics of such systems must be suitably chosen only with 
regard to the discharging rate and the electrophysical char- 


5C. T. R. Wilson, Phil. Trans. of Roy. Soc., Ser. A, Vol. 221, pp. 73-115, 
London. 


756 HARALD NORINDER. (J. F. I. 


acter of lightnings. The aërial systems must be critically 
damped in order to avoid its free oscillations. 

An aërial system used by the author consisted of an 
antenna 250 meters long at a height of 5 meters above ground. 
The aërial wire was connected above a condenser to a cathode 
ray oscillograph. A complete diagram of connections is 
shown in Fig. 5. The aërial system was connected to a 


Fic. 5. 


variable capacity C2, which could be regulated to a maximum 
capacity equal to capacity Cı of the aérial system. Parallel 
to this capacity was connected the small capacity Cs of the 
deviation plates of the oscillograph. This capacity of the 
instrument could be neglected when making a comparison 
with the capacity of aérial system Cı, and the connection C>. 
The aérial system was connected to C, through a damping 
resistance R, of 2,000 ohms to prevent free oscillations of the 
system. The capacity C was closed to the earth by a 
resistance R, of 100,000 ohms or sometimes smaller values in 
order to avoid slow field variations independent of electro- 
static fields. 

We suppose the electric field force V produced by a 
lightning to follow the relation 


V = f(t). (7) 


If thus the free oscillations of the aérial system are suppressed, 
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its charge Q must follow the differential equation: 


PQ dQ , Q 
Lp tR dt Te =f (t). (8) 


The first term can be neglected because the value of L is 


Fic. 6. 


small in the system. A solution of (8) shows® that the 


*R. A. W. Watt, E. V. Appleton, ‘On the Nature of Atmospherics,’”’ Proc. 
Roy. Soc., Ser. A, Vol. 103, A. 720, London, 1923. 
VoL. 205, No. 1230—52 
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voltage variation V above C, and C; follows the relation: 


V= cell: (9) 


The relation (9) can be valid if f(t) is an exponential function 
or a sinusoidal one or a combination of the two. Also if 
f(t) is changing in a linear way, the relation (9) is valid. It 
is necessary only to have a small value of the time constant 
of the system in comparison with the duration of the lightning 
impulse of the aérial system. We suppose the discharge 
variation of a lightning to be represented by a function f(t). 
The corresponding variation of the voltage on the aérial 
system easily can be estimated. This is shown in some 
examples, Fig. 6, where f(t) represents the voltage variation 
above Cz, caused by /f:(¢). 

By the aérial system mentioned above and a cathode ray 
oscillograph, it has by our methods been possible to record 
lightnings. The first researches,”* executed by a Braun 
tube used as an oscillograph, showed that the lightning 
flashes were unidirectional and often slow in their variation 
characteristics. Some of the lightnings showed a very short 
period of growth to their maximum value. The time sensi- 
tivity of the Braun tube prevented, in such cases, a definite 
fixing of the growth period. 

For the thunderstorm season of 1927, we have built up, 
at the Uppsala experimental station of the Swedish Royal 
Board of Waterfalls, a specially constructed cathode ray 
oscillograph. In this instrument, the film was situated within 
the evacuated vessel; it is thus possible to record time 
variations of an order of magnitude of microseconds. A 
general view of the specially constructed instrument is given 
in Fig. 7. This instrument has a characteristic feature which 
renders it possible to record phenomena of a duration a 
million times shorter than its total and effective time of 
exposure. This is realized by the application of a special 
device that causes the electron jet itself to act as a relay. 


1 H. Norinder, Teknisk Tidskrift, 53, 10, 1923. 
8 H. Norinder, Teknisk Tidskrift, 55, 8, 1925, Stockholm. 
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FIG. 7. 


The new type cathode ray oscillograph for recording lightning discharges. 
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The electron jet thus records only when a suitable voltage or 
a current is applied to the deviation equipment. The instru- 
ment is thus independent of the time of arrival of a phe- 
nomenon that should be recorded. It was only by this 
property of the instrument that it was possible to record 
` lightning from thunderstorms where it was quite impossible 
to predict and control the arrival of the lightning. As the 
cathode oscillograph allowed a time of exposure of an hour or 
more, it was readily possible also for us to record a number of 
lightning voltages in a locality where the frequency of thunder- 
storms and the lightning strokes in them was very low. 

Our earlier results of lightnings were generally verified by 
the records of the sensitive cathode oscillograph. Besides the 
lightnings of a slow variation type, we observed lightnings 
showing an extremely short growth period. It is just these 
lightnings that are of special interest with regard to lightning 
surges on transmission lines. 

The lightning was found to be without exception non- 
oscillatory. Sometimes we observed a superimposed high 
frequency of an amplitude of only a few per cent. of the total 
field variation, due to lightning. The occurrence of this 
high frequency was a very irregular one. Until the present 
time, we have not obtained sufficient observation material to 
be able to give a physical explanation of the superimposed 
and irregular high frequency. By simultaneous observations 
of the occurrence of the high frequency in the oscillograph, 
and the atmospheric disturbances in a radio receiver, we have 
found that the main part of the statics in a thunderstorm at 
some distance from the locality of observation is due to this 
superimposed high frequency. Its periods have been esti- 
mated to vary between ten and thirty microseconds. This 
explains why a radio receiver for ordinary wave-length can 
be disturbed. 

For distant lightning strokes, our time constant has been 
of the order of one microsecond and this may be neglected in 
view of the total duration of the lightnings. Lightning dis- 
charges, produced within a few kilometers from the obser- 
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vation point, were very often followed by a persistent field 
change independent of the time. This necessitated a re- 
duction of the effective leakage of the system and thus of 
the time constant. 


In Fig. 8 is shown a direct reproduction of a lightning 
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First records of lightning discharge in an antenna. 


record taken with the oscillograph. The lightning in this 
record has a growth period of 1.2 X 10° microseconds. This 
slow growth period cannot produce any surges on a trans- 


FIG. 9. 
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First records of lightning discharge in an antenna. 
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mission line. The charge will have time enough in this case 
to spread out over the line. In Fig. 9 are shown direct 
reproductions of two other lightning types with rapid growth 
periods. The voltage of these lightnings has surpassed the re- 
cording limit of the instrument. If we consider the changing 
conditions of the field variations of lightnings, such a passing 
of the recording limit is sometimes inevitable. By the 
regular variation in the records, we have found it possible 
to approximate the point of reaching maximum voltage in 
the records. This top voltage is reached within 125 to 150 
microseconds. About 30 per cent. of the change of field in 
its building-up period has passed in a few microseconds. 
It is obvious that lightning, where the field has its main 
variation in so short a time as a few microseconds, must cause - 
indirect surges on transmission lines. 

To illustrate this: some of the most rapid lightning 
records have been reproduced in Figs. 10 and 11. The types 
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of lightning in Fig. 10 that may produce surges are Nos. 1, 2, 
3, 4, and 7. The slope ratio in Nos. 5, 6, and 8 will not 
produce transmission surges. In Fig. 11, Nos. 1, 2, and 3, 
we have a short building-up period which is necessary to 
cause surges. 

It may be observed that our voltage scale is relative. 
For practical reasons, we have not found it necessary to 
establish an absolute voltage scale in this preliminary research 
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where the main interest was to solve the problem of the dis- 
charging characters of lightning. 

With regard to their initial and ending conducting regions, 
two main forms of discharges are possible: (a) Those between 
different charged parts of the thundercloud. (b) Those from 
earth to a charged part of the cloud where only one part of 


FIG. II. 
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the discharging region, the cloud, can be considered as a semi- 
conductor, while the other part, the earth’s surface, must be 
considered as a perfect conductor. 

From the researches of B. Walter ° who has photographed 
the lightning with the aid of a rotating camera, it may be 
concluded that the lightning sometimes grows from region to 
region in the atmosphere. The disruptive discharge in form 
of a lightning is thus preceded by an extended ionization 
process. The resistance of the discharge region becomes in 
such a case sometimes of such high value that a lightning 
which has been developed along a part of a discharging path 
ceases. A ceasing of an initiated discharge process must 
especially be possible if the two discharging regions are both 
within the thunderstorm cloud. Their property of being semi- 
conductors limits the flow of electricity within them. 

We had, during our seasons of thunderstorms, many 
opportunities to observe visually, by the aid of a cathode 


° B. Walter, Jahrbuch der Hamburgischen Wissenschaftliche Anstalten, 
XXI, Hamburg, 1904. 
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oscillograph, such slow-moving processes as those which 
initiate lightning. 

The discharging process is developed in somewhat another 
way, if we regard the discharge between earth and a cloud. 
In this case, we have the main resistance in the cloud. When 
the discharged path is developed, there is sometimes reason 
to suppose a disruptive and fast discharging process of the 
lightning for some part of the lightning path. 

When observing the more central parts of a thunder- 
storm, the electron jet of a cathode oscillograph connected 
to an antenna circuit indicated sometimes slow-moving vari- 
ations. These slow field changes were not followed by 
ordinary lightnings, as could be observed by a special radio 
receiver built for recording lightning. There is no doubt 
that the slow field variation was in such a case caused by 
slowly developing glow discharge regions where the current 
into the discharge channels was not sufficient to go over to, 
and to cause, an ordinary disruptive lightning. 

As mentioned above, we have found two different dis- 
charging types of lightning, one of which is of a very slowly 
moving character. There is no doubt that these slow dis- 
charging processes are caused mainly by discharging processes 
between internal cloud parts of the thundercloud. The rapid 
discharging lightning, on the other hand, may be caused by 
discharges from some part of a cloud to earth or from earth 
to the cloud. But it seems possible that there are some 
exceptions to this general rule. The conditions within a 
thunderstorm cloud are so irregular and unstable that it is 
probable that sometimes rapid lightning may also be de- 
veloped within the cloud itself. This may especially be the 
case for secondary lightning that is initiated in the ionization 
processes of primary slowly moving lightnings. 

From our researches on the discharging nature of light- 
nings, we can draw some general conclusions with regard to 
lightning surges on transmission lines. There are three 
principally different forms of such surges to be expected on 
the lines: (1) Indirect lightning surges, where no stroke has 
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gone to the line. (2) Direct lightning surges, where a stroke 
has gone from, or to, the line. (3) A combination of the two 
forms (1) and (2). 

The indirect lightning surges must very often have their 
fronts slightly sloping. We may suppose from the dis- 
charging character of lightning that the maximum field 
strength in the building-up period is reached within a few 
to a hundred microseconds. On the other hand, the direct 
lightning surges sometimes must have very straight fronts 
where the maximum field force is reached within a few micro- 
seconds. The line can, in such cases, be suddenly charged 
from a part of the ionized lightning path and thereby fronts 
are produced where the peak voltage can be reached within 
a microsecond. 

With regard to their polarity, we can conclude, both from 
direct observations and from theoretical reasons, that positive 
surges are the more frequent. 
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Direct Evidence of Atom Building. R.A. MILLIKAN AND G. H. 
CAMERON. (Science, April 13, ’28.) Millikan and his coadjutors 
have studied the penetration of the cosmic rays into the waters of 
mountain lakes in California and Bolivia and, in the opposite 
direction, have obtained registration of their effects by sending self- 
recording electrometers up on sounding balloons to such an elevation 
that nine-tenths of the earth’s atmosphere lay beneath. Such 
investigations made during the last year show that the cosmic 
rays consist of wave-lengths occurring in bands of definite frequency 
and, therefore, do not cover continuously long stretches of the 
spectrum. The frequencies of the rays are 100,000,000,000 times 
as large as those of the radiation from a neon lamp or a Cooper- 
Hewitt mercury arc lamp. This difference accounts for their great 
penetrating power. 

In the spectrum of the rays there are four chief regions found in 
a range of three octaves, and all of the four can be accounted for 
according to Einstein’s equation as emitted upon the combination 
of positive electrons, that is, of hydrogen nuclei or protons, with 
negative electrons to form the atoms of light elements. The most 
prominent band in the spectrum is due to the union of four protons 
with four electrons to make an atom of helium. This is accom- 
panied by a loss of mass which goes off in the form of energy in an 
ether wave having a calculated coefficient of absorption that agrees 
within a few per cent. of the coefficient actually observed. The 
formation of oxygen and nitrogen from hydrogen causes the second 
spectral region, the creation of silicon and magnesium accounts for 
the third and the making of the iron atom for the fourth. 

For some decades it has been known that “ heavier atoms are 
disintegrating into lighter ones,” but evidence has been wanting of 
the inverse constructive process. ‘‘ The present experiments con- 
stitute the first discovery of such evidence. It must be taken with 
some reserve and must be subjected to further critical analysis and 
further experimental tests. But, as far as they go, these experi- 
ments are at least indications, and the first direct indications, that 
all about us, either in the stars, the nebulz or in the depths of 
space, the creative process is going on, and that the cosmic rays 
that have been studied for the past few years constitute the an- 
nouncements broadcast through the heavens of the birth of the 
ordinary elements out of positive and negative electrons. If it is 
confirmed it will constitute new proof that this is a changing, 
dynamic and continuously evolving world instead of a static or 
merely disintegrating one.”’ 
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REPORT ON THE WORK OF THE BARTOL FOUNDATION.* 


Made to the Membership of The Franklin Institute by 
W. F. G. SWANN, D.Sc., Director. 


INTRODUCTION 


THERE was a time when the interests of the man of science 
embraced all nature and when his contact with human affairs 
was made chiefly through a profound belief of all men in his 
supposed infinite capacity for wickedness. Great learning 
was symbolic of the knowledge of many facts, and the 
philosopher’s prestige was measured by the weight of his 
manuscripts. And then the sciences divided themselves. 
The chemist went one way, the natural philosopher another, 
and the biologist another. Moreover, the chemist segregated 
his family into groups and therejarose the inorganic chemist, 
the organic chemist and the physical chemist. The natural 
philosophers divided themselves into experimental physicists 
and so-called applied mathematicians, so that the other kind 
of mathematician called himself a pure mathematician, there- 
by dissociating himself from the intellectually immoral applied 
mathematician who differentiated things without knowing 
whether they ought to be differentiated, who sought solutions 
of equations which might not have any solutions, who ex- 
panded functions in series without knowing whether the 
series meant anything but who, in spite of his wickednesses, 
was usually guided by some kind providence so that his 
conclusions were aggravatingly often correct. Then the 
experimental physicist divided his family into pure physicists 
and engineers, and each sought to work in his own sphere. 
I once knew an institution in which on adjacent floors were 
two departments, one for physical chemistry and the other 
for chemical physics; someone once asked me what the 
_ difference was, and all I could think to say was that there 
was more physics in physical chemistry than there was 
chemistry in chemical physics. 


* Presented at a meeting held Thursday, March 15, 1928. 
767 


768 W. F. G. Swann. (J. F. 1. 


As the separate groups continued to burrow for the truth 
in their water-tight compartments (or perhaps we might say 
thought-tight compartments) it began to appear that some- 
how or other they must come together again. For when the 
superficialities of the special fields became exhausted it was 
necessary to appeal to the fundamentals of the sciences and 
these were the same for all. 

The physicist now bases his views of the atom on theories 
of the pure mathematician which he formerly regarded as in 
the forefront of practical uselessness. The chemist finds it 
necessary to inquire as to the detatled nature of the mechanism 
of the atom which the physicist has ferreted out, for only by 
a consideration from this aspect can he satisfactorily control 
such things as catalytic action and the like, which have now 
become of importance to him. The engineer can no longer 
content himself with the former rules of engineering practice; 
for, the devices which he has come to use, the radio tube, 
the electron rectifier, and many others, draw more and more 
upon the properties of those fundamentals of the fine-grained 
structure of nature whose elucidation is the problem of modern 
physics. Even the biologist has exhausted the possibilities of 
the superficialities of his science, and his further progress 
depends upon the more minute study of atomic processes, of 
colloidal behavior, and of the minute structure of matter as 
revealed by X-rays. 

One of the most astonishing things in nature lies in her 
possibilities to conceal phenomena of transcendent moment 
until their secrets are wrested from her by force. When we 
contemplate all the manifestations of electric power today 
we wonder why it was that in the millions of years of her life 
nature did not in some part of the universe, and of her own 
accord, throw together such a machine as a dynamo for the 
accomplishment of some gigantic purpose. Why is the prin- 
ciple of the radio amplifier tube not employed spontaneously 
somewhere? Why are not X-rays, with their enormous 
potentialities, used by nature herself on a large scale? It is 
almost as though it were the plan of the Grand Architect of 
the universe to leave the structure unfinished that the com- 
pletion thereof might form a stimulus and a delight to man. 

Discoveries in the past were made largely by trying things 
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without very much idea as to what would happen. Nearly 
all the developments of the present time follow, however, 
from a more detailed knowledge of the nature and behavior 
of such things as atoms, molecules, electrons, X-rays, etc.; 
and it is largely as the result of our enhanced understanding 
of fundamental processes that the progress of the last twenty 
years has been as great as it has. 

And so it is with the nature of fundamental processes 
that the physicist or the chemist devotes himself most 
intensively at the present time. Thirty years ago he would 
have been vitally interested in how most accurately to 
measure the electrical conductivities of wires and of solutions, 
and how to determine most certainly their variations with 
temperature. Now he is more vitally interested in the 
detailed mechanism of the conduction process itself. Thirty 
years ago he spent much time in recording the spectra of 
gases, for it then seemed hopeless to understand them. Now 
he feels that he has gone a long way towards such under- 
standing and this greater light has suggested many new 
possibilities and has increased his power to surmise what 
may be possible in controlling the actions of matter and 
what may not. 

It is not a very easy matter to describe in a short time all 
of the investigations which are at present under way at the 
Bartol Research Foundation. It will be necessary to omit 
much which pertains to the details of the experimental 
procedure and concentrate upon the main features and upon 
the natures of the problems themselves. 

THE EMISSION OF ELECTRONS FROM WIRES UNDER THE INFLUENCE OF THE 
INTENSE ELECTRIC FIELDS 

An important problem having to do with the way in which 
electricity is bound to matter is one which is being carried 
out by Mr. del Rosario. 

I must remind you that we believe the power possessed 
by metals to conduct electricity finds its origin in the presence 
of free electrons in the metals. It may seem strange that we 
speak of things which can move freely in the solid substance 
of a metal. But we must remember that just as a room 
piled to the ceiling with chairs may be very full as regards 
the passage of a human being, and yet very empty from the 
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point of view of a fly, so the atoms which are clustered so 
thickly together for one who views them with our coarse- 
grained eye are, to things much smaller, as full of emptiness 
as our solar system is empty of planets. If I could squeeze 
out all the nothingness that is within me, I should be much 
smaller than a flee, even though I should carry as much 
weight as before. As there is plenty of room for a comet to 
wander freely in our solar system, so, for an electron whose 
size compared with that of the atom is like that of a fly in 
comparison with that of a cathedral, there is plenty of room 
to wander about in the sparsely occupied spaces between 
the atoms. 

These free electrons are responsible for many things. 
They carry the electric current through the wire. They are 
in a state of rapid motion like the molecules of a gas; when 
the temperature of the metal is raised, that motion is increased. 
We might suppose that, owing to the motion, some of the 
electrons would fly out of the metal and escape. As a matter 
of fact, this does happen, but only to an extremely small 
extent at ordinary temperatures; for directly the electron 
starts to get away it is pulled back by its attraction for the 
metal which it is leaving, or rather by the reciprocal reaction 
resulting from that attraction. A certain minimum velocity 
is necessary to enable the electron to escape, and even at 
temperatures which would melt the metal only a very small 
proportion of the free electrons possess the necessary velocity. 

If we imagine an electron starting out of the metal and 
then falling back by the attraction to which I have referred, 
we may plot a curve giving the energy it would have to attain 
to get to various distances from the metal. We might imagine 
curve I, Fig. 1, to represent such a curve. Thus, if the 
electron is to get to the point A, it must start off with a 
kinetic energy equal to AB. If it is to get clear away, it 
must have the initial energy CD. In practice, the energy 
CD corresponds to the energy gained by an electron in falling 
through a potential difference of about 4 volts. 

Suppose we charge the surface negatively, or bring a 
conducting plate near to it and set up a difference of potential 
between the plate and surface in such a way that the surface 
is negatively charged. Suppose, in fact, we create in the 
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vicinity of the surface an electric field E which is in such a 
direction as to urge the electrons away from the metal. 
Then curve 1 will become modified, because the energy 
necessary to enable an electron to get to any point along the 
line OP will be reduced by just the amount of work which 
would be done on the electron by the field in taking it to 
that point. Our curve I will be changed to such a curve as 2, 
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Fig. 1. Now, considering this curve, if the electron could 
go from O to T, it would not, on the whole, lose any energy 
at all, but would, as a matter of fact, gain energy equal in 
amount to TS. It is no consolation for the electron to 
know this, however, if it cannot get over the hill at E. The 
electron has no credit by which it can borrow energy. It is in 
the position of a man who faces a very steep hill on a bicycle 
but is unable to ride up on the mere stimulus provided by 
knowledge of the fact that the bottom of the hill on the other 
side is lower than the place where he now is. As we increase 
the electric field, however, the hump at E becomes ironed 
out more and more, as shown in curves (2 and 3 and 4), until 
finally when the field is sufficiently great as at curve 5 it is 
ironed out completely. Until this condition is reached very 
few electrons will be able to escape from the wire, but as 
soon as this condition is attained there will be nothing to 
prevent a huge efflux of electrons. 

The slope of curve 1 as calculated from the attraction of 
the electron for its electrical image amounts to about 3 X 108 
volts per centimeter at a distance of about 1078 cm. from the 
surface. The slope increases as we approach the surface, and 
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would become infinite there if that surface could be treated 
as a completely homogeneous conducting surface. The fact 
that the surface is not homogeneous but is broken up into 
atoms and molecules prevents a realization of this infinite 
surface gradient, but a consideration of the conditions suggests 
that the gradient would certainly be of the order of 108 volts 
per centimeter, so that to wipe out the hump at E we should 
expect that fields of the order of 10 volts per centimeter 
would be necessary. 

Now, as a result of setting up large differences of potential 
between conductors in high vacua, currents appear to have 
been drawn from cold metals with fields much smaller than 
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108 volts per centimeter; and, as a matter of fact, an X-ray 
tube depending on this principle was invented some years ago. 
Quite apart from its immediate practical bearing, however, 
the investigation of these phenomena, which control the bonds 
which hold electrons in matter, is of the utmost interest from 
the theoretical point of view, for these surface forces play a 
part in the operation of most modern electrical devices, the 
Coolidge X-ray tube, the vacuum tube of radio, the vacuum 
tube rectifier, the photo-electric cell and so forth. 

One method of getting a large electric field at the surface 
of a conductor without invoking excessively high differences 
of potential between electrodes 1s to use a fine wire surrounded 
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by a coaxial cylinder. For an assigned difference of potential 
between the wire and cylinder, the field at the surface of 
the wire may be increased without limit by diminishing the 
diameter of the wire. Experiments with apparatus of this 
kind have been performed by Millikan and Eyring, who came 
to the conclusion that electrons could be drawn from cold 
electrodes in vacuum with a field of the order of 350,000 volts 


FIG. 3. 
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per centimeter. Mr. del Rosario has carried out experiments 
of this kind at the Bartol Foundation but has extended the 
measurements to wires of various sizes. The use of different 
sized wires enabled him to produce different surface fields for 
the same differences of potential, or different differences of 
potential for the same surface field, and so ascertain whether 
the current really depended primarily upon the field at the 
surface of the wire or upon the total difference of potential 
existing between the wire and cylinder. If the same surface 
VoL. 205, No. 1230—53 
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field always produces the same current density regardless of 
the size of the wire, we may feel a certain amount of confidence 
that the current arises by the action of the field in pulling 
electrons out of the metal. On the other hand, if the current 
density associated with a certain field depends upon the size 
of the wire, we may have doubts as to the fundamentality of 
the pull of the field as the primary origin of the phenomenon. 
More particularly, if, regardless of the size of the electrodes, 
the thing which determines the total current from the wire 
is the potential difference between the electrodes, we immedi- 
ately begin to picture, as the origin of the electron emission, 
some agency which derives its energy from the potential 
difference. The experiments have given quite conclusive 
evidence that the total potential difference is the factor which 
determines primarily the magnitude of the current. 

Mr. del Rosario has used five sizes of wire, four ranging 
from 16 X 10-4 to 53 X 10-4cm. and one wire 12 X 107% cm. 

Figure 3 shows the logarithm of the current plotted against 
the potential difference between the wire and cylinder. The 
curve is a straight line; Curve No. I refers to a case where 
the apparatus was baked with a furnace, and Curve No. 2 
refers to one where the wire was heated in addition by sending 
an electric current through it. 

If I is the total current per unit length, z the current 
density, and r the radius of the wire, 


I = 2011. (1) 
Now the field X at the surface of the wire is given by 
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where V is the potential difference between the wire and 
cylinder and b is the radius of the cylinder. If is a func- 
tion of E only, then in plotting log I/2rr, which is log 1, 
against V/r log b/r, which is E, we should obtain a curve 
which is the same for all wires. When we do this, however, 
we obtain five different curves, one for each of the five wires, 
as shown in Fig. 4, where the curve for the largest wire is 
to the extreme left and that for the smallest to the extreme 
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right. On the other hand, if we plot the total current J 
against the potential difference, all the points, at least for 
the four wires ranging from 16 X 1074 cm. to 53 X 10 cm., 
fall on the same curve. The results are shown in Fig. 5, 
where the points for the different wires are represented by 
different symbols. The five symbols in a verticle line to the 
left of the graph indicate from top to bottom the order of the 
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thicknesses to which they refer, the top symbol referring to the 
thinnest wire. The points for the fifth and thickest wire 
fall off the curve, for a reason which is to be expected and 
which will subsequently be discussed. 

It will be observed that the points for the four different 
wires fall as well on one curve as do the different points for 
a single wire. These data seem to indicate, therefore, that 
—at any rate in the present experiments—the thing which is 
operative in determining the discharge is the total potential 
difference between the electrodes, and the situation is not 
one where we have a phenomenon determined entirely by 
the creation of a current density by a field at the surface of 
the wire. 

Of course, there are many details which one familiar with 
this kind of work would naturally wish to inquire into. Thus, 
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for example, the vacuum attained in the apparatus is of the 
order of 1078 mm. It is so high that only one in every 
hundred thousand millions of the molecules at atmospheric 
pressure remains. In order to obtain this degree of vacuum 
very great precautions are necessary, all of the metals must 
be handled by gloves so as to avoid contamination by the 
fingers, the apparatus must be baked out in a very careful 
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and elaborate manner, the details of which would take me a 
long time to describe. I need only to remark that in com- 
paring wires of different sizes the heat treatment given was, 
as far as possible, the same in each case. 

We could explain the general nature of Mr. del Rosario’s 
results if we could assume that the cylinder emits or is caused 
to emit positive ions which then travel to the wire gaining 
energy proportional to the difference of potential, and if we 
could further assume that, as a result of this, the positive 
ions raise the temperature of the wire in the extreme local 
regions where they hit so that electrons are given off by 
thermionic emission. We might suppose that the average 
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temperature of a spot hit by a positive ion would be pro- 
portional to the energy of that ion, and so to the potential 
difference. Under these conditions the emission of the elec- 
tron would be such as to cause the current potential curve to 
be of the well-known exponential form and correspond to a 
linear relation between the log. of the current and the 
reciprocal of V, so that for smaller ranges of V there would be 
the linear relation between the log. of the current and V 
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itself just as in the case of thermionic conditions there is a 
linear relation between the log. of the current and temperature 
for small ranges in temperature. Another point in favor of 
this view arises from the following facts. If the potential 
difference be increased beyond the range used in any series 
of observations, the log. current-potential curve will not 
retrace itself on diminution of potential but will assume a 
position shifted towards the higher potentials. It will then 
stay steady for variations of potential back and forth over 
the new range. Now the shift of the curve toward the higher 
potential is exactly the phenomenon produced by more pro- 
longed baking of the wire, and we may well suppose that the 
effect of the bombardment of the positive ions is to bake 
the wire, not all over at once so that it becomes visibly hot, 
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but in isolated spots at a time in such a manner that, after a 
time comparable for example with one second, the whole of 
the surface of the wire has experienced a rise of temperature 
to the value corresponding-to the energy of the positive ions. 

We know that alpha particles, when impinging on a 
metal, release only about 10 electrons per alpha particle, so 
that it might appear that in order to account for the electron 
emission by the positive ions a larger positive ion current 
would be necessary than it is practicable to assume. It is 
not improbable, however, that the conditions of release of 
electrons by bombardment of positive ions under the influence 
of high electric fields such as we have at the surface of the 
wire may be quite different from those attending their release 
in the absence of a field or with a very small field. In fact, 
it may be that we are confronted with a space charge phe- 
nomenon in the case of the emission and that a fairly large 
field intensity is necessary to insure the emission of the 
maximum current even though that current may be in- 
dependent of the field intensity, provided that the latter is 
large enough. If this were the case, we should expect that 
for very large wires the points on the log. current-potential 
curves would fail to fall on the same curves as those for small 
wires, since for these large wires the field would be insufficient 
to insure saturation. It may be for this reason that the 
points for the largest wire in Fig. 5 fall off the main curve 
corresponding to the other four wires. The departure is in 
the right direction to correspond to the foregoing views. 
It is further possible that positive ion emission from the 
cylinder may be brought about by the electron bombardment, 
although if this were the case it would not be in harmony 
with the facts to assume that emission is proportional to the 
electron current itself, for it is easy to see that under these 
conditions the current would mount up immediately to a 
state of instability and would in fact become infinite. If the 
electron current functions at all in promoting the emission 
of positive ions, it must do so in some manner which leaves 
to the cylinder itself the decision of the number of ions that 
shall be emitted per sec., as would be the case, for example, 
if that emission were determined by the rate of diffusion of 
the ions from the inner parts of the cylinder to the surface, 
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their subsequent emission being promoted by the bombard- 
ment of the electrons. However this may be, the next plan 
is to carry out these experiments with cylinders and wires of 
different materials. 

The thought was that X-rays emitted by the cylinder as a 
result of the bombardment of the electrons might play a part 
in Maintaining the current. On such a view one would again 
expect a condition of instability of current to arise if the 
current could be maintained at all by this process. However, 
Mr. del Rosario has certain experiments in progress to test 
this matter. 


THE ELECTRICAL CONDUCTIVITIES OF NON-AQUEOUS SOLUTIONS. 


An important field of modern. physics is that concerned 
with understanding the processes which determine the con- 
duction of electricity through solutions of salts. Very briefly 
we may say that the fundamental concept is that molecules 
of salt when dissolved split up into positive and negative 
ions and these move in opposite directions under the influence 
of the electric field. The problem is to calculate the con- 
ductivity of the solution as a function of various elements 
which enter to control it. The problem is of course a very 
old one but it is only within recent years that our familiarity 
with the whole situation has enabled it to be attacked in any 
detail. The conductivity of a solution would be given by 
NiEiVi + N2~2V2, where N,,£,,Vi, refer respectively to the 
number per c.c., the charge, and the mobility for one kind of 
ion and the letters with subscript 2 refer to the other kind of 
ion, the mobility being understood as the velocity of the ion 
under unit electric field. Now, according to the simplest 
view, we may suppose the velocity to be simply proportional 
to the field, and in this case if Ni and N: are both proportional 
to the number of dissolved molecules then the molecular 
conductivity, i.e., the conductivity divided by the number of 
dissolved molecules per c.c., should be a constant. Experi- 
ments very soon show that such a result is not in harmony 
with the facts, but it was not until about 1923 that Debye 
and Onsager examined sufficiently closely the elements which 
enter into the determination of mobility to derive some 
theoretical reason for the fact that the molecular conductivity 
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depends on the concentration even for diluent solutions. 
The elements which determine the mobility are many and 
complicated in nature. First we have the external electric 
field itself; then, any one ion tends to cluster around itself 
the ions of opposite sign and these tend to shield that ion 
from the electric field. Again, the viscosity of the solution 
plays a part in determining the mobility of the ion, but not 
in a very simple manner because the ions of opposite sign 
clustering around the particular ion under consideration move 
in a direction opposite to it itself and so increase the relative 
velocity between it and the fluid. Then the temperature 
of the liquid plays a part not only in determining the viscosity 
but in modifying the results of the mutual attractions of the 
ions. It would take far too much time for me to go into 
this matter in such detail as to indicate how Debye and 
Onsager arrived at an expression for the molecular con- 
ductivity as a function of these various considerations. It 
will suffice to say that they did obtain such an expression 
which, if it is correct, enables us to calculate the actual 
magnitude of the molecular conductivity as a function of 
known constants of the solvent and of the molecules dissolved 
—constants such as the viscosity, the dielectric constant of 
the medium, etc. An experimental verification of these con- 
clusions is of the greatest importance since if they are 
confirmed, our confidence that we have formed the right 
picture of the mechanism of conduction is strengthened; 
while if they are not confirmed, we know that we must seek 
still further for a proper interpretation of that which happens. 
Experiments on aqueous solutions have already been made 
and in a general way confirm the conclusions of Onsager. 
However, owing to the very large dielectric constant of water 
it turns out that some of the factors which play a part, and 
particularly the influence of the electric forces, due to the 
ions on each other, are very much reduced for aqueous 
solutions so that the experiments do not constitute a very 
complete test of the theory as regards these features. For 
these reasons Dr. O. E. Frivold, who came to us from Norway, 
has been engaged on measurements of conductivity in non- 
aqueous solutions. I will not enter into any very great detail 
in describing the fine points of the experiments which Dr. 
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Frivold has carried out. He will, of course, publish these in 
detail at a laterdate. The little spherical cell Fig. 7 contains 
between its two plates the solution to be tested. It turns out 
that the very greatest precautions are necessary in respect to 
freedom from moisture and other impurities to secure results 
of a desired accuracy, and for this reason it is not desirable 
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to leave the liquid in the vessel while being tested since 
it is apt to become contaminated by the metal plates. The 
procedure adopted was to allow the liquid to flow both 
backwards and forwards through this vessel during the 
measurements and in this way any alterations of the con- 
stants of the liquid as a result of the metal plates or of the 
actual measurements were shared by the whole quantity of 
liquid used rather than by the very small amount contained 
within the cell itself. It was, of course, necessary to measure 
the conductivity of the salt (in this case cyclohexanol) so 
that it could be used in connection with the conductivity of 
the solution as a whole to determine the conductivity 
contributed by the dissolved salt. The salts which were 
used in the investigation were lithium chloride, lithium 
bromide, lithium chlorate, guaniodine nitrate. The pre- 
liminary results are shown in Fig. 8. Molecular conductivity 
is plotted against the square root of the concentration. 
According to the very simplest of our theories the con- 
ductivity would, as I have said, be independent of the 
concentration so that the curves would be straight lines 
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parallel to the horizontal axis. According to the theory of 
Onsager the curve for dilute solutions should be a straight line 
inclined to the angle shown in the figure. The lower 
curve represents in each case the actual results obtained by 
Dr. Frivold. No very great significance must be attached 
to the fact that the lines are not straight for higher concen- 
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tration since the theories of Debye. and Onsager apply only to 
dilute solutions. As a matter of fact the departure from 
linearity is in the direction which would be in accordance 
with the theory. In discussing the bearing of the results 
on these theories we are concerned with the initial slopes 
of Dr. Frivold’s curves. These slopes indicate in a general 
way that the effect of the interionic forces is about twice as 
great as that required by the theory of Onsager. The experi- 
mental investigations have only just been completed and so 
the problem is now at a stage where we must seek for a further 
modification of the theory in order to account for these data. 
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THE EXCITATION OF SPECTRA IN MERCURY VAPOR BY ELECTRON IMPACT 


One of the most fruitful fields of research for the elucidation 
of information on atomic processes is the so-called spectro- 
scopic field. I must remind you that if light coming from a 
glowing gas be allowed to fall on a slit which is placed at a 
great distance from a triangular block of glass, or if the 
optical arrangements are made such that the light comes 
to the triangular block of glass as though it had come from 
the distant slit, then, after passing through the triangular 
block the light becomes split up into beams in various 
directions, and if these are received by a suitably focussed 
telescope they appear as distinct lines separated from each 
other by definite angular amounts characteristic of the gas. 
We believe that each of these lines is characteristic of a type 
of vibration going on in the atom of the gas which emits the 
light. 

I must further remind you that, at any rate according to 
our views in the immediate past, an atom is a little solar. 
system with electrons rotating about a central nucleus in 
definite orbits as planets rotate about the sun. We have 
come to think, however, that under these conditions no light 
is radiated by the atom, but that if an electron falls from an 
outer orbit to an inner one, then light is produced of frequency 
depending upon the change of energy which the electron exper- 
iences in the fall. In general, the electrons of an atom are in 
stable orbits from which they do not tend to experience any falls 
of this kind, but by various means we may hurl some of them 
into outer orbits from which they have a chance to fall back 
to the places from which they came, and in this way we may 
cause them to emit light. We believe that the light obtained 
in the electric arc, for example, is produced in this way. By 
a more violent action, we may hurl electrons right out of 
the atoms,.leaving them postively charged, and again the 
light will be produced by the return of the electrons to their 
former orbits. The light produced in this way is charac- 
teristic of the electric spark where the agency for hurling 
the electrons out of the atom is, on account of the greater 
electric fields, more drastic than it is in the case of the arc. 
We see, therefore, that the primary difference between that 
light which we think of as characteristic of the spectrum of 
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the spark and that which is characteristic of the spectrum 
of the arc, is that in the former case we think of the electrons 
falling into a charged atom in the production of light while 
in the latter case, they simply fall from one place to another 
in the neutral atom. 

We have come to speak of lines other than those actually 
produced in an arc or in a spark as arc lines or spark lines 
accordingly as we believe them to originate in one of these 
types of process or in the other. Now, in order to illustrate 
the significance of one of the matters which Dr. Maxwell is 
investigating, I will ask you to think of a beam of electrons 
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passing through a tube containing mercury vapor as shown 
in Fig. 9. Suppose that we examine the spectrum pro- 
duced and suppose that some of the spectrum lines which 
we get as a result of the action of this beam in hurling the 
electrons about in the atoms are of the arc type and some of 
the spark type. Let us first concentrate our attention upon 
the arc line. The electron is moved from its stable orbit to 
some other and falls back again emitting light. During the 
whole of this time the atom is neutral. If, therefore, we 
should produce.an electric field between the plates A and B 
and in a direction parallel to the slit of the spectroscope it 
would have no effect whatever upon the phenomenon. Sup- 
pose, however, that the light were produced by the spark 
process; then an atom for example, at the lower edge of this 
beam would have an electron hurled from it and it would 
immediately start to move upwards under the influence of 
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the electric field between the plates A and B. Unless the 
electron which was hurled from the atom or some other 
electron fell back immediately it would have moved some 
distance upwards before it succeeded in emitting any light. 
The result of this would be that on examining the lines of the 
spectrum we should find that such a spark line would be dis- 
placed upwards as indicated by C, as compared with an arc line 
which would be undisplaced. You will therefore see that ex- 
periments of this kind enable us not only to find out which 
are the arc lines and which the spark lines, but they give in- 
formation as to the time which an atom can remain in the 
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charged state without being neutralized once more by the 
emission of light as the result of the acquirement of an elec- 
tron. 

Fig. 10 shows the result of actual experiments of this 
kind. The line farthest from the edge of the picture is an arc 
line. The other is a spark line. In the absence of the cross 
field, the two lines were practically alike. The cross field 
while leaving the arc line unaffected has produced a marked 
displacement in the density distribution of the spark line. 

A more detailed consideration of this situation shows that 
we may extract other kinds of information from experiments 
of this nature. Thus for example, suppose some of the atoms 
experience as a result of the electron beam a two-fold 
catastrophe—an electron is hurled completely outside and 
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another electron is displaced from its normal orbit to some 
outer one. This atom is now capable of emitting two kinds of 
light, the arc line and the spark line. However, even con- 
centrating our attention on the former, the emission of the 
line may not occur instantaneously because the electron may 
choose to remain for some time in the outer orbit. The 
field, however, will not permit the atom to stay still, it will 
have to move up on account of its charge, so that if the 
electron should remain in the outer orbit for a finite time, 
the bottom of the line in the spectrum—the place where the 
light first occurs, will be shifted upwards in relation to its 
normal position. Then, again, at a later stage, the atom 
may become neutral by the falling in of an electron from 
outside and this point will be shown by an increase of the 
intensity of the line at that place. 

Then there is another possibility. Starting once more at 
the instant when the atom suffered its two-fold catastrophe, 
it may be that the electrons in some of the atoms start to 
fall to their normal positions immediately, while those in 
others take a longer time, so that there is some average time 
which an electron will remain in what we call its excited 
state without returning to its normal position of equilibrium. 
As most of the atoms remained:in the excited state for a 
time very nearly equal to this average time, then on examining 
our spectrum we should find that while the spectrum would 
show something at the normal position at the bottom of the 
line, the intensity there would be very small and would not 
grow to an appreciable magnitude until some distance up. 
Without entering, therefore, into very great detail it will be 
clear that by studying the variation of the intensity of these 
spectrum lines along their length when they are excited 
in a field such as that which is produced between the plates 
A and B, we can learn much as to the nature of their pro- 
duction and as to the times which the atoms remain in 
excited states before they emit radiation. It will be of 
interest to note for example, that when an electron is 
thrown into what we may call an excited orbit it usu- 
ally remains there for a time of the order of 1078 sec. 
before returning to a position of stability. The year of a 
planet—the time taken for an electron to go around the 
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nucleus—is about 107" sec., so you see the prodigal son 
remains away from his home for something like 10,000,000 
years. 

I may illustrate the sort of information which Dr. Maxwell 
has been able to draw from his experiment by considering 
one particular case. The beam of electrons which is passing 
along the tube has a velocity comparable with that obtained 
by the fall of the electronic charge through 200 volts. These 
electrons have very much more energy than is necessary to 
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remove an electron from one orbit concerned in the optical 
behavior of an atom to an outer orbit, and we know from 
other considerations, that, under these conditions they would 
very rarely cause only such a removal. Electrons seem en- 
dowed with a peculiar type of philanthropic instinct—they 
like to give all that they have, or nothing at all! 

Now, in the presence of the beam of electrons which 
passes through the tube in Dr. Maxwell’s experiments we 
find that arc lines are generated. It was formerly thought 
that these arc lines were produced by the mere recombination 
of the ions into which the atoms of mercury vapor had been 
split by the arc beam, and this explanation was invoked 
because it was thought that the chance of a 200-volt electron 
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delivering to an atom such a small amount of energy as would 
correspond to the production of an arc line was so small that 
the intensity of the lines could not be accounted for by the 
assumption of such a process. By attributing the lines to a 
recombination of ions one was able to invoke an action in 
which, in the formation of the ions themselves, the electrons 
in the beam could part with a comparatively large amount 
of energy, an amount which they would be willing to part 
with comparatively readily. The thought was, when these 
ions recombined the energy of the recombination might be 
distributed among various lines in the arc spectrum produced. 
As against this supposition, however, Dr. Maxwell finds that 
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the arc lines are produced when the field between the plates 
A and B is so strong that the ions are removed so rapidly 
after their formation that there is practically no time for any 
ions to recombine in the beam. Moreover, the intensity of 
many of these lines is quite independent of the field between 
the plates A and B. We must thus seek for another explana- 
tion of the origin of these arc lines, and the one which has 
seemed most reasonable to Dr. Maxwell is the following: 
he supposes that the original 200-volt electron gives to 
an atom a comparatively large amount of energy, but 
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gives it to an electron well towards the center of the 
atom, by virtue of which that electron is carried to one of 
the outer orbits. If it should now fall back to its original 
orbit it would omit a line of too short a wave-length to 
correspond to the arc line—it would in fact emit an X-ray. 
However, Dr. Maxwell supposes that it does not do this, but 
falls from its outer orbit to another orbit less far out but still 
far removed from the orbit from which it came. Simul- 
taneously with this however, it is supposed that the electron 
which formerly occupied this orbit falls to the central part 
of the atom, whence the original electron has come. In 
doing this, of course, it will emit an X-ray. One of the 
problems now before Dr. Maxwell is to search for these 
X-rays. Fig. 12 is a picture of Dr. Maxwell’s apparatus. 
Time will not permit any detailed description of it. I should 
like to call your attention, however, to the circular structure 
towards the center, which constitutes a pair of Helmholtz’ 
coils. Its function is to produce a very uniform magnetic 
field parallel to the axis of the tube which contains the 
beam of electrons. The electrons would, in the absence 
of this magnetic field, spread out by their self repulsion and 
the scattering of the gas. The magnetic field, however, 
serves to keep them in a beam according to well-known 
electro-magnetic principles. 


A POSSIBLE EFFECT OF THE COSMIC RADIATION IN STIMULATING 
RADIOACTIVITY. 


Another investigation which it is Dr. Maxwell's intention 
to carry out in the near future, is one pertaining to the 
cosmic radiation. It was suggested many years ago by 
Perrin that possibly the emission of radiations from radio- 
active materials was brought about by the cosmic radiation 
in the same sort of way that emission of electrons from atoms 
can be brought about every day in the laboratory by 
means of X-rays. Now Dr. Maxwell’s thought is that by 
measuring the activity of a radio-active preparation in a 
deep mine, one could secure conditions under which the 
cosmic radiation would be cut down to such a large extent by 
absorption in the one-half mile of earth that if Perrin’s con- 
clusions are correct, the radio-activity of the substance should 
be very appreciably diminished—if not eliminated. Such a 
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test is now being planned by Dr. Maxwell for the early 
future. 
THE PRODUCTION OF X-RAYS BY POSITIVE IONS 

One of the most fruitful lines of attack in investigating 
matters pertaining to atomic structure lies in the utilization 
of X-rays. In fact, the study of X-rays in elucidating the 
mysteries of the atom is simply an extension of the study 
of the atom’s spectral behavior which has given us so much in 
the past. The particular characteristics of X-rays resulting 
from their short wave-length serve to accentuate phenomena 
which are too weak to be observed in the case of light. 

Strange as it may seem, and in spite of the detailed 
knowledge which we have of many of the properties of X-rays, 
one of the most elementary phenomena concerned with them, 
the actual production of the so-called general X-radiation 1s 
not, even at the present time, properly understood. We do 
know that if a beam of electrons is directed upon a metal 
target X-rays are produced, but under ordinary conditions 
only about one thousandth of the energy of a beam of electrons 
is converted into X-rays. The first picture which we had 
many years ago of the mechanism of production of these rays 
was one which regarded them as pulses produced in the zther 
when electrons were suddenly stopped by the atoms. If we 
have a ball with a number of elastic threads stretching out to 
infinity and if the whole system is in uniform motion in a 
straight line, sudden stoppage of the ball will create a pulse 
in the elastic threads, and this pulse will travel out to infinity. 
The classical electromagnetic theory explains the origin of 
X-rays in a manner very similar to that of these pulses, and 
it enables us to calculate the amount of energy which would 
go into the pulse under suitable conditions of stoppage of 
the electron. However, there are so many other phenomena 
in atomic physics closely related to X-rays and which the 
classical theory would not explain, that we are unable to 
admit an explanation along these lines. It is always a great 
help in the elucidation of the explanation of any phenomena 
if we can find more than one way of producing the phenomena, 
for under these conditions we are able to ferret out to greater 
advantage the essential elements which enter into their 
production. Now, we have two kinds of fundamental charged 
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particles in nature, the electron and proton—the proton being 
1,800 times heavier and 1,800 smaller than the electron. 
There is every reason to believe that protons should be 
capable of producing X-rays, and indeed X-rays have been 
observed from them. The study of X-rays produced by two 
things as widely separated in nature as the electron and the 
proton cannot but give the most fundamental information as 
to the mechanism of the production. It will be of interest 
in the first place to compare the efficiency of production of the 
rays by these two kinds of charged particles. Then again, 
in the case of X-rays produced by electrons falling on a 
target, the rays comprise all manner of wave-lengths except 
that the shortest wave-length is one given by the relation 
hv = kinetic energy of the electron, where k is Planck’s 
constant and » is the highest frequency. It will naturally 
be of interest to see whether a similar relation holds in the 
case of protons—to find out for example whether it is the 
velocity of the charge or its energy which is fundamental in 
determining this highest frequency. And so Dr. Henry 
Barton has taken up the problem of investigating the proper- 
ties of X-rays produced by protons with the object of seeing 
how far the phenomena relating to X-rays and electrons are 
reflected in the case of X-rays and protons. It is rather 
surprising that this matter has not been attacked in detail 
before. It is probable that the reason lies in the difficulty 
of obtaining a beam of protons of sufficiently great intensity, 
for it appears on comparatively general considerations that 
the efficiency of production of X-rays by protons, is likely 
to be very much less than the efficiency of production by 
electrons, so that we should like to be able to produce beams 
of protons of intensity greater than those which we produce 
in the case of electrons. On the other hand, while we can 
with comparative ease produce beams of electrons carrying 
an ampere or more, it is not easy to get beams of protons to 
carry currents of more than a millionth ampere. So far Dr. 
Barton has been concentrating his attention upon methods 
for getting beams of protons which are as powerful as possible. 
We can readily obtain atomic hydrogen; and, if we bombard 
it with a beam of electrons we can ionize it. The positive 
ions of atomic hydrogen are, of course, protons. If we 
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bombard the atomic hydrogen in a tube we encounter the 
difficulty that if the density of the hydrogen is great enough 
to result in an appreciable production of protons, it will be 
so dense as to prevent the subsequent use of those protons 
for the production of X-rays. It occurred to Drs. Johnson, 
Bramley and Barton that one might defeat this difficulty by 
sucking hydrogen through hot platinum into a vacuum. 
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Gases are known to build up a relatively high density in 
any surface which they encounter, and it was thought that 
the hydrogen in coming through the platinum might build up 
a relatively high density on the surface as it emerged. If, 
as there is reason to believe, the hydrogen on the surface 
were in the atomic form, the bombardment of that surface 
by a beam of electrons would give rise to a copious source of 
protons, and these would be projected into a space of relatively 
high vacuum. The apparatus used for the trial of this idea 
is represented in Fig. 13. A is a thimble of platinum which 
could be heated by spiral B inside, it was surrounded by a 
vacuum in the vessel C, and the hydrogen entered through 
the tube D. It diffused through the thimble; and, as it 
emerged into the vacuum, was bombarded by a beam of 
electrons from the filament E. Unfortunately the method 
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failed to give any positive ion beam sufficiently powerful for 
the purpose in hand. By coating the outside of the thimble 
with various salts such as acid aluminum phosphate, more 
favorable results were obtained but it did not seem that the 
method would be likely to lead to beams sufficiently strong 
for the purpose. I shall not devote time to describing two 
or three other schemes which were tried but will concentrate 
on the vital one which seems to be likely to be successful. 
Suppose we have a grid of holes such as is represented at 
G, contained in a tube in which hydrogen is present. The 
beam of electrons is accelerated upwards from a hot wire 
and passes through the hydrogen. Protons and electrons are 
formed by the impact of the electrons on the hydrogen 
molecules. It is now necessary to get these ions out of the 
tube where they are formed and where the pressure of the gas 
is relatively high, into a space where the gas pressure is 
sufficiently low to permit of the production of X-rays under 
satisfactory conditions. For this reason a grid G with 
reasonably long holes is utilized. A powerful pump operated 
on the lower side of the chamber draws out gas which diffuses 
through these holes, so that if the holes are not too wide and 
are sufficiently long it is possible to maintain a satisfactory 
vacuum in the lower part of the vessel even though pres- 
sure in the upper is as high as 0.065 mm. The idea is to 
draw the protons down to this grid by means of an electric 
field between the grid and the gauze H. If the holes are fine 
enough to permit of the proper evacuation of the lower part 
of the vessel it will be necessary for the protons to descend in 
a vertical beam in order to get through. Unfortunately 
the lines of force of the electric field bend to the edges of the 
holes and so tend to prevent the protons from passing straight 
through—they become diverted and hit the walls of the tube. 
If however, we cover these holes by gauze of very fine mesh, 
the distortion of the electric field in this vicinity is reduced 
very considerably as is indicated in the upper right corner of 
Fig. 13. If further we increase as much as possible the dis- 
tance between this gauze and H, and increase in proportion 
the potential difference between these two gauzes, the situation 
becomes one in which the protons get a high velocity before 
they.come into the region of the distorted field, and so pass 
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through the holes without colliding with the walls. In order 
to make a satisfactory investigation of the properties of X-rays 
produced by protons, it is necessary to have a beam of protons 


FIG. 14. 


equivalent to about 10-4 amperes, and it would be desirable 
to have a beam of strength ten times this amount. Dr. Barton 
has succeeded in obtaining 107‘ amperes with the tube as 
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shown in Fig. 13 and with further modification has bettered 
that by a factor of 2, so that we now feel confident that with 
still further developments a beam of the order 10-* amperes 
may be obtained. The complete apparatus is shown in Fig. 14. 

In conclusion I may mention a little device which we have 
made up for measuring high potentials in connection with 
this investigation. Of course, there are many devices for this 


FIG. 15. 


purpose, but the present one has an advantage of great 
cheapness and simplicity. It is represented in Fig. 15. It 
comprises a metal hydrometer floating in transformer oil and 
surrounded by a metal cylinder. The hydrometer has two 
light guides which keep it central and by whose means it is 
connected to earth. On placing the potential difference 
which it is designed to measure between the cylinder and 
earth, the field produced tends to suck the hydrometer 
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into the cylinder to an extent which is recorded by the 

motion of the top of the stem. By placing a scale on 

the top and directing a beam of light through it in such a 

way as to throw its image on the screen, a convenient means 

of recording the readings is provided. 

THE LOSS OF ENERGY BY ELECTRONS IN THE PRODUCTION OF CHARACTER- 
ISTIC X-RADIATION. 

Another investigation on X-rays is one which is being 
carried out by our Lady Fellow, Dr. Allen. It has to do with 
what is known as the characteristic X-radiation. When 
electrons strike a metal, in addition to the general radiation 
of all wave-lengths which comes off, there are certain special 
wave-lengths characteristic of the atoms of the metal which 
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come off in amounts enormously great compared with the 
amounts given off in the corresponding wave-lengths of the 
general radiation. If we pass electrons through a thin foil 
of metal we may expect to find them divided into two groups: 
those which lose hardly any energy at all, and those which 
have been concerned in the production of the characteristic 
X-rays and whose velocity will have been reduced by a very 
considerable percentage of its original amount. We can sift 
out the electrons of different velocities by a principle which is 
well-known in experimental physics. The electrons emerging 
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from the filament F pass through two slits and through the foil. 
The beam so formed is then bent into a circle by a magnetic 
field perpendicular to the plane of the paper (Fig. 16); and, 
according to well-known electromagnetic principles, becomes 
focused at the other end of the diameter AB. If the velocity 
of the beam were altered, the radius of the cylinder into which 
it was bent would be altered or it could be made the same 
size by varying the magnetic field responsible for the de- 
flection. In other words, by placing at B, Fig.: 16, a little 
cylinder, C, it was possible to collect the beam and record it 
on a suitable galvanometer or electrometer. Further, by 


FIG. 17. 


adjusting the magnetic field, it was possible to bring electrons 
of any velocity into the little cylinder. It will readily be 
seen that the method affords a means of determining the 
relative magnitudes of the currents carried by electrons of 
different velocities. While it would take a long time to go 
into the theoretical details of all that may be concluded from 
experiments having to do with the loss of velocity of electrons 
in passing through thin foil it may be said that by measuring 
the relative numbers corresponding to this loss of velocity 
we can draw much valuable information as to the nature of 
the processes which have taken place in the interaction 
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between the atoms and the electrons as the latter pass through 
the metal. 


AN ATTEMPT TO DETECT A MAGNETIC FIELD AS A RESULT OF THE RAPID 
ROTATION OF A COPPER SPHERE. 


For many years the question has been mooted as to 
whether a body could give rise to a magnetic field as a result 
of mere rotation. I am not now referring to that magnetizing 
action which arises, particularly in the case of magnetic 
substances like iron and nickel when set in rotation, from 
the gyroscopic action on the electronic whirls whose existence 
in the atoms give those atoms their magnetic character. 
This phenomenon is now well known and has been very 
thoroughly investigated by Prof. S. J. Barnett. I am re- 
ferring rather to the possibility of a magnetic state arising 
from even more subtle causes bound up with the ulti- 
mate nature of the laws of electrodynamics. The question 
arises in connection with endeavors to account for the earth’s 
magnetic field. The earth is a great magnet. It cannot be 
a magnet in the sense that a piece of magnetized steel is a 
magnet because its interior is too hot. The earth carries an 
electric charge, and this by its rotation would give a magnetic 
field, but a field only 107? of the earth’s magnetic field. 
Again, the free electrons of the earth’s substance will tend to 
be whirled to the exterior, so that the rotation of the resulting 
distribution of charge will give rise to a magnetic field, but 
calculations show this field to be only 10- of the earth’s 
magnetic field. The pull of gravity on the electrons will 
make them tend to move slightly towards the earth’s center, 
but here again, calculation of the effect gives a magnetic 
field only 107% of the earth’s field. The fact that the center 
of the earth is hotter than the exterior could result in the free 
electrons in the central part exerting a greater pressure than 
those in the outer regions, and this excess pressure would 
result in slight motion of the electrons. The rotation of the 
charge distribution thus formed would give rise to a magnetic 
field, but a field only 107!’ of the earth's field. 

There is so much positive and negative electricity in a 
cubic centimeter of matter in the substance of the earth, 
for example, that if all the positive electrons in one c.c. of 
the earth could be collected at one point and all the negative 
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electrons in that c.c. could be collected at another point, 
I cm. away, the two would attract each other with a force 
equivalent to 10” tons. If we could annihilate the positive 
electricity in the earth, the negative would give by its rotation 
a magnetic field 2 X 10'8 times that of the earth. If all the 
positive electricity in the earth could be collected into one 
sphere and all the negative electrons into another concentric 
with the first but a little larger, the combined rotation of the 
two would give a magnetic field, and it would only be necessary 
for the two spheres, each of the size of the earth, to differ in 
diameter by 107! cm. in order that the field resulting from 
their rotation should be as great as the earth’s field. This 
matter was pointed out by Sutherland many years ago; but, 
tempting as it seems as the basis of a possible explanation 
of the earth’s magnetism, the existence of such a state of 
affairs involving even such a slight separation of the charge 
could not come about in practice owing to the tremendous 
electrostatic forces which would come into play to protest 
against even this small separation. And so many attempts 
to account for the earth’s magnetism along what may be 
called normal lines have led to a disappointment. The fact, 
however, that each of the two kinds of electricity which make 
up the earth would by its rotation alone give rise to such an 
enormous magnetic field, suggests that possibly some very 
slight difference between the laws of electromagnetism for 
positive and negative electricity might result in a departure 
of the two kinds of electricity from a complete balance, and 
so leave the earth’s magnetic field as a residual. 

A short time ago I showed how it would be possible to 
make a modification in the laws for positive and negative 
electricity such as would result in the rotating earth giving 
rise to a magnetic field, and such as would further account for 
the origin and maintenance of the earth’s charge and the 
force of gravitation, the whole being moulded into one com- 
plete scheme consistent with the theory of relativity. 

The theory makes the sphere act as though it were endowed 
with a current density, and, depending upon the way in 
which this apparent current density varies with distance 
from the axis of rotation, it gives various possibilities as 
regards the way in which it makes the magnetic field depend 
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upon the radius and angular velocity of the rotating sphere. 
This is fortunate for it is necessary that matters should be 
adjusted so as to correspond to certain requirements imposed 
by the facts. We know that the sun has a magnetic field, 
and any theory which is to correspond to the facts must, 
when adjusted to fit the earth, give the right value for the sun 
when the radius and angular velocity of that body are 
substituted in the formula. Moreover, if we apply the theory 
to the case of a small body rotating with very high speed in 
the laboratory, it should not suggest for that body a large 
magnetic field for if such a field existed in appreciable amount, 
it would certainly have been found before now. 
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Relative values 


Fig. 18 shows the results which follow from adjusting the 
theory to correspond to a current density proportional to rw, 
to rw? and to rwt, w being the angular velocity and r the 
distance from the axis of rotation. 

In the case where the apparent current density is pro- 
portional to rw, if matters are adjusted so as to give the right 
value for the earth (0.5 gauss) at the pole, the value which 
it would predict for the sun at its pole is 58 gauss which is 
good agreement with the actual facts. On the other hand, 
it suggests for a small sphere of 10 cms. radius, and of the 
earth’s density rotating 100 times a second a magnetic field 
of only 107° gauss which would be quite immeasurable. 
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A current density proportional to rw? would lead to far 
too small a magnetic field for the sun, and far too large a 
field for the small body. 

A current density proportional to r’wt would lead to a 
satisfactory value for the sun, and for the small body would 
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lead to a field just within the range of measurability. It 
turns out that these two forms of law, one in which the 
effective current density is proportional to rw and the other 
where it is proportional to 7*w‘ are the only forms comprising 
simple powers of r and w which could be consistent with the 
facts as regards the sun and the small body rotating at high 
speed in the laboratory. Mr. Longacre and I have been 
carrying out an experiment in an endeavor to determine any 
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magnetic field which may be produced by a comparatively 
small body rotating at high speed. The body which has 
been used is shown in Fig. 19. It is a solid copper sphere 8 
in. in dia., and we have rotated it up to speeds of about 200 
revolutions per second. On the basis of an effective current 
density proportional to rw the field even at this speed should 
be quite negligible, but on the basis of the law which makes 
the current density proportional to rw we should, taking into 
account the greater density of copper as compared with the 
earth, obtain here a field of the order 4.3 X 107° at the pole. 
At half this speed the field would only be 1/16 of this amount 
so that any field of this origin would show itself by a very 
rapid increase with the speed once it became evident at all. 
It is of course, not a very easy matter to measure a field of 
the order of 10-* gauss under conditions in which one is 
rotating a 8 in. copper sphere 200 times a second. There is 
apt to be a good deal of shaking, and the ordinary astatic 
magnetometer is not a convenient device. For this reason 
we have used the principle of two coils wound in opposite 
directions, rotating near the sphere, and about a ver- 
tical axis. These coils feed into an amplifier from which 
the current goes to an alternating current galvanometer. 
As far as any uniform field is concerned, the two coils being 
wound in opposite directions, annul each other’s effect, but 
as far as the magnetic field of the sphere is concerned they 
are additive in their contributions. I must not enter into 
details of the commutation devices, which, however, have to 
be attended to with the greatest care in order that spurious 
electromotive forces shall not mask the quantity which it ts 
desired to measure. 

Figure 20 represents the general set-up, practically the 
whole of the apparatus having been made by Mr. O. Steiner, 
our chief instrument maker. The sphere was driven by a 
friction drive using a 3 kilowatt motor, the rotating coil 
compass being driven at about 150 r.p.s. by a belt drive from 
a distant small motor. The field coils for the alternating 
current galvanometer were supplied from a small generator, 
mounted on the same shaft as the compass. The speed 
of rotation was measured by means of an electric tach- 
ometer. Some preliminary experiments were carried out 


June, 1928.] REPORT ON WorK OF BARTOL FOUNDATION. 803 


in the laboratory at N. 19th Street, and then in order to 
secure the best possible conditions for the final experiments, 
we transported the apparatus to Swarthmore, where, through 
the courtesy of Dr. Simpson and Dr. Wright we were able to 
set up the equipment and carry out measurements under 
more advantageous conditions. Fig. 20 represents the set-up 
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of the apparatus at Swarthmore. We are running so near the 
point at which the sphere would fly to pieces on account of 
the tremendous centrifugal force—a force which amounts to 
about 140 kilograms on each cubic centimeter near the surface 
of the sphere that it is necessary to surround the apparatus 
with sandbags in case of an accident. Fig. 21 represents 
the actual apparatus, and Fig. 22, the sort of results which 
were obtained. At first sight it appears that one obtains 
a comparatively large magnetic field if the speed is increased 
(curve B). This, however, is a spurious effect and arises from 
the Foucault currents which are set up as a result of the 
sphere’s rotation in the earth’s magnetic field. These currents 
act in such a direction as to tend to shield the sphere from 
this magnetic influence and it is of interest to observe how 
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the effect approaches a sort of saturation value. In order to 
eliminate this effect we surrounded the sphere by a pair of 
Helmholtz coils shown in Fig. 20. The current in these coils 
was adjusted so that the earth’s field was compensated and 
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under these conditions curves A and C of Fig. 23 were obtained 
for the variation of the magnetic field with speed. Curve D 
represents the results which would have been obtained on 
the basis of the current density proportional to rw‘ and with 
a constant factor adjusted to fit the earth’s field. The 
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magnetic field obtained is thus definitely smaller than would 
be predicted by such a law, and is more in conformity with 
the other type of law which makes the field proportional 
to rw. It is, however, worthy of note that in expecting a 
correspondence between the form of the law for the conditions 
pertaining to the earth and those pertaining to the small 
sphere we are extrapolating over an enormous range. I can 
illustrate the situation in this respect by supposing that the 
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current density, instead of being proportional to r3w* were 
proportional to rw*8, This very slight difference in the power 
to which w is raised would result in an alteration of the field 
predicted for the small sphere from 43 X 107‘ to 1.5 X 1074 
and the latter would be immeasurable with the present 
apparatus. This experiment, therefore, does not drive us to 
the necessity of giving up the law determined by a current 
density of the form r°w‘ for bodies of cosmic size and angular 
velocity, and there are certain very interesting conclusions 
which would follow from the form of such a law. We know 
VoL. 205, No. 1230—55 
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that in sun spots magnetic fields of the order of 2,000 gauss 
are encountered. The modification of electrodynamics to 
which I have referred would suggest that these might arise 
from the mere rotation of the matter of the sun spot, and 
when we submit the question to examination it turns out 
that on the basis of the law which makes the current density 
proportional to rwt, it is only necessary to assume a velocity 
of gas in the spot of the order 80 kilometers in order to provide 
for a magnetic field of 2,000 gauss. Moreover, this form of 
law leads to interesting conclusions when applied to the 
planet Jupiter, which has a diameter 11 times that of the earth 
and angular velocity two and a half times as great. The law 
would suggest for Jupiter a magnetic field of the order of 
50,000 gauss. Such a magnetic field might result in an 
aurora of great intensity for this planet, in view of the grip 
which it would have upon those charged particles which we 
believe to emanate from the sun and to be ultimately re- 
sponsible for aurora phenomena. It is a fact not without 
significance, that the surface light of Jupiter has for sometime 
been known to be greater than can be accounted for by mere 
reflection from the sun. 


THE EFFECT OF AN ELECTRIC FIELD ON THE PRODUCTION OF DOUBLE 
REFRACTION IN SODIUM VAPOR. 


Dr. Bramley has been engaged upon a number of investi- 
gations, both theoretical and experimental. Much as I should 
like to devote some time to these theoretical investigations I 
fear it would be impracticable in view of the preliminary 
discussion of the basis of modern atomic structure which 
would be necessary. It will perhaps suffice to say that in 
his paper on Dynamical Problems, whose solutions satisfy 
Schrédinger’s Wave Equation published in the Journal of the 
Franklin Institute last November, the aim was to mould 
the fundamental characteristics of modern atomic theory into 
a form more in harmony with the classical ideas in which our 
thoughts have grown up. 

On the experimental side, Dr. Bramley has been interested 
in analyzing the nature of a certain type of atomic process by 
performing experiments on sodium vapor. If plane polarized 
light from a sodium flame be passed through a tube containing 
sodium vapor, and if a transverse electric field be applied 
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across the tube, then for the general case where the line of 
vibration of the incident light is inclined to the direction of 
the field, the light becomes split up into two beams, in one 
of which the vibrations are parallel to the field and in the 
other perpendicular to the field. These two beams travel 
through the vapor with different velocities, and the effect 1s 
to produce what is known as elliptically polarized light. 

Now many years ago, the German physicist, Voigt gave 
a theory of this phenomena on the basis of the ideas prevailing 
at the time. Although the light which comes out from one 
of the spectrum lines emitted by a sodium flame is approxi- 
mately all of one frequency, it is not exactly so, and if we 
should concern ourselves with the short range of frequencies 
comprised in the production of this line, Voigt’s theory showed 
that the different frequencies comprised in the range would be 
treated very differently by the sodium vapor through which 
the light passed. In fact, if we should plot the difference of 
the velocities of the two beams to which I have referred 
against the frequency, a curve such as the curve marked 
(n”— n°) of Fig. 23 would be obtained. Now, the object of Dr. 
Bramley’s experiment was to test as far as possible the 
conclusion of this theory, and its importance lies in the fact 
that the explanation of the way in which these things happen 
is quite different today from what it was when Voigt pro- 
pounded his theory. The ideal way of making the test would 
of course be to use light of such a well-defined frequency as 
could enable a test of Fig. 23 to be made directly, but it 
is impracticable to pick out from the whole line emitted by 
the flame several portions and deal with them separately. 
Nevertheless, the theory does lead to information as to what 
would be the effect of the vapor and electric field on the 
average difference of velocities of the two beams for the whole 
range of frequency comprised in the line. In order to 
interpret the results obtained we must know the distribution 
in intensity as a function of the frequency over the frequency 
of the line. This has been determined by former investi- 
gations; it is known that the intensity varies over the line 
according to some such law as that represented in Fig. 24, 
a minimum of the intensity existing at that frequency which 
corresponds to the exact center of the line. Making use of 
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this curve, we can calculate what the effective average dif- 
ference in velocity would be when the light from the whole 
line is passed through the vapor. It was found that so long 
as the temperature of the vapor was greater than 230° C. 
the results were in agreement with Voigt’s theory, but below 
this temperature they departed from that theory. 


FIG. 23. 
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Now in Voigt’s theory the basic idea of interest in the 
explanation of the process lay in the supposition that the atom 
of sodium vapor acted like a little electric oscillator which 
could be set into vibration by the light, and the function of 
the field was to orientate this oscillator. On modern views, 
the atom acts towards the light in the capacity of two oscil- 
lators, one parallel to and one perpendicular to the feld; 
but these oscillators do not exist continually; they come into 
existence only now and again, and the chance of their coming 
into existence depends upon the temperature and the electric 
field. The electric field acts in a manner different for the 
two, while the temperature is more impartial. Thus we 
should expect that at high temperatures, the chances of 
these two virtual oscillators as we may call them, coming 
into existence, would be more nearly equal than would be 
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the case at lower temperatures where the electric field has a 
greater control of the situation. Now it turns out that 
although the mechanism of the process is quite different for 
the classical and newer theories, the results predicted by the 
two theories would be the same if the chance of the two kinds 
of oscillators coming into existence were the same. We thus 
see why it should come about that Dr. Bramley’s experiment 


FIG. 24. 


should agree with the classical theory at high temperatures 
and disagree with it at low temperatures. The most inter- 
esting part concerns, of course, the disagreement at low 
temperatures since here we obtain from that disagreement 
information as to the differences in the action of the electric 
field on the two kinds of virtual oscillators. 

THE VARIATION OF DIELECTRIC CONSTANT OF A SOLUTION WITH CONCENTRATION 

OF THE DISSOLVED SALT. 

Another experimental investigation carried out by Dr. 
Bramley concerns the effect of a dissolved salt on the dielectric 
constant of the solution. I have already referred to the 
importance attaching to a knowledge of the mechanism of 
processes occurring in solutions, particularly in relation to 
their electrical conductivity. The theory of the origin of the 
dielectric constants of solutions is bound up with another 
aspect of the same question; and indeed a theory has been 
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worked out by Debye and Hiickel to account for the variation 
of dielectric constant with concentration. Time will not 
permit me to do more than say that former experiments which 
have been performed on this matter lead to contradictory 
results among themselves. By adopting a new and par- 
ticularly sensitive method for measuring the dielectric con- 
stant, and one free from the objection inherent in former 
determinations, Dr. Bramley has measured the dielectric 
constant for solutions of various strengths, and has shown 
departures from the theory which, while not large enough 
to affect it in its fundamentals, call for a revision in matters 
of detail. 


THE NATURE OF THE PROCESSES OCCURRING IN CERTAIN ELECTRIC ARCS. 


It is a curious fact that although the electric arc has been 
for so many years a thing familiar to everyone, the detailed 
mechanism of its action even at the present time is far from 
completely understood. Mr. Nottingham has been devoting 
his attention to a study of those phenomena concerned with 
the arc which seem most likely to have a bearing upon its 
theory. One very important quantity concerned with the 
arc is the magnitude of the current density at the electrodes 
from which it springs; this may be determined if the area 
of what is known as the hot spot can be measured with 
sufficient accuracy. It would seem at first sight that all 
that would be necessary to accomplish this purpose would 
be to photograph the arc and then measure the photograph. 
Unfortunately, however, the relation between the intensity 
of the light coming from a source and the density of the 
photographic image produced on the plate is such that an 
assumption of their proportionality would lead to an error 
of as much as 50 per cent., even in the measurement of as 
apparently simple a thing as the size of the hot spot. More- 
over, in the acquirement of information as to the variation of 
light intensity over the arc, information bound up with the 
details of the mechanism of the action in various parts, such 
an assumption would lead to very drastic errors of conclusion. 
For this reason it has been necessary for Mr. Nottingham 
to go very carefully into the nature of the photographic 
process in the interpretation of his photographs. Fig. 25 
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shows, to the left, the curve which is typical of the kind 
of results obtained for the change in radius along the arc. 
The radius is measured horizontally and the distance along 
the arc vertically. The boundary of the arc as determined 
by this method is quite definite and leads to measure- 
ments of the areas of the hot spot on the cathode to an 
accuracy of about 5 per cent. It turns out that the area of 
the cathode is proportional to the total current so that the 
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current density is constant, and it turns out that in case of 
the tungsten arc this current density is 700 amp. per sq. cm. 
It so happens that this represents the current which could be 
produced by thermionic emission of the electrons at a tempera- 
ture of 3700° K which is just the melting point of the 
tungsten, so that in this case it is not necessary to invoke 
anything but thermionic emission to account for the electrons 
emitted from the cathode. A similar result holds in the case 
of carbon, but here the current density is about 300 amp. per 
sq.cm. In copper and cadmium, however, we are confronted 
with quite a different situation. Here the current density 
turns out to be of the order of 3,000 amp. per sq. cm. for 
copper and 1,500 amp. per sq. cm. for cadmium. These are 
much greater than it is possible to account for upon the 
basis of mere thermionic emission at the temperature of the 
cathode. One’s first thought might be that a considerable 
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portion of the current would be carried by positive ions, 
but in view of the very much greater mobility of electrons as 
compared with positive ions such an assumption would 
necessitate an existence of an excess density of positive ions 
over negative in the arc quite prohibitive in view of the 
enormous electrostatic repulsion which would arise from this 
positive density. For the moment we must regard the 
origin of these high electron current densities in the case 
of copper and cadmium as something of a mystery. By a 
consideration of the distribution of light intensity in the arc, 
Mr. Nottingham has been able to arrive at certain conclusions 
as to the mechanism of production of the light. Thus, con- 
sidering, for example, the light of wave-length 4,678 Å. 
coming from the cadmium arc, this light might be produced 
as the result of an electron displacing another electron from 
one of the orbits of the atom of cadmium to another, the 
light being actually produced on the return of that electron 
to its former orbit. Under these conditions, we should 
expect the intensity of the light in that line to be proportional 
to the electron current density. On the other hand, it might 
be that the atom was first bombarded by one electron which 
put it into what is customarily called, an excited state, and 
subsequently it was bombarded by another electron which 
took it to another energy level from which, by return to 
the first or second level, it emitted the light observed. In 
this case the light would be proportional to the square of the 
electron current density. Thus by examining the relation 
between the light intensity in a line and the current density, 
we may draw information as to the nature of the production 
of the light. In case the intensity is proportional to the 
square of the current density, then on plotting the logarithm 
of the intensity against the logarithm of the current density 
it is easy to see that the slope of the straight line obtained 
should be just equal to 2, and this is exactly what is found 
for the lines 4,800 Å. and 4,678 Å. in the case of the cadmium 
arc which is represented by the straight line shown in Fig. 26. 
The curve for the tungsten arc corresponds to the line 4,484 Å. 
The observations from both the anode and the cathode 
regions lead to straight lines, each having the slope unity. 
This indicates that the light was produced by single impacts 
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of electrons. With regard to the way in which these data 
were obtained it will suffice to refer once more to Fig. 25. 
This particular curve was obtained, for example, with a 
filter which let through 72 per cent. of 4,678 A. and 28 per cent. 
of 4,800 A. The total light received at different points along 
the arc is represented by the curve to the right, and this, when 
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divided by the diameter of the arc at the corresponding point, 
serves to give the light intensity per unit volume. The 
details of this conclusion involve a rather careful con- 
sideration of the geometry of the optical arrangement, etc., 
and are not immediately obvious, but I will not enter 
into this matter at present. Many other things might be 
said in this connection but perhaps the results which I have 
quoted will serve to give an indication of the type of informa- 
tion which Mr. Nottingham has been able to draw from data 
of this kind. Then again, if we are to suppose that the 
electrons produce transitions in the atoms of such a nature 
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as to account for the lines in the manner I have indicated, 
it is necessary to invoke in those electrons a certain minimum 
velocity, and one which is greater than could be given to 
those electrons by the field while traversing one of their mean 
free paths. For this reason, Mr. Nottingham has made a 
direct determination of the velocities of the electrons 
in the arc, using a method designed by Dr. Langmuir for 
such processes. It turns out that the average electron 
energies are sufhciently high for the purpose. In con- 
nection with this investigation, it was of course neces- 
sary for Mr. Nottingham to determine the densities of the 
photographic images of his plates by use of what is called a 
densitometer, an instrument where light shines through the 
image onto a photoelectric cell which records the amount of 
it coming through and so gives a measure of the density. 
As we do not yet have a densitometer at the Bartol Foun- 
dation, we have relied upon the courtesy of our friends. 
Dr. James Barnes of Bryn Mawr was so good as to let Dr. 
Maxwell use his densitometer in connection with the investi- 
gations I have already described, and for the densitometer 
used by Mr. Nottingham we are indebted to Professor Karl 
T. Compton of Princeton University. Mr. Nottingham used 
the instrument at Princeton but for this use he has adapted 
it to the photoelectric method and to this end it has been 
necessary for him to crystallize into a convenient form such 
information as exists for the satisfactory construction of 
photoelectric cells. Members of The Franklin Institute have 
had ample opportunity of seeing what a photoelectric cell 
can do in the matter of transmission of sound over light waves, 
etc. I should like to exhibit here another aspect of the 
potentialities of these cells and one which exhibits its great 
sensitivity. We have here one of Mr. Nottingham’s cells 
which is connected through a suitable relay to an electric 
bell. By striking the match at the other end of the room, 
I hope, if all goes well, the bell will ring. While Mr. Longacre 
will strike the match at the other end of the room, and while 
Mr. Nottingham and Dr. Barton are here in the vicinity of 
the apparatus I can assure you it is their intention to exert 
no more than a moral influence upon it. Now, Mr. Notting- 
ham has calculated that with the arrangement which he has 
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adapted in the cell as used with the densitometer the con- 
ditions would be equivalent to observing the light from this 
match at a distance of one third of a mile, and with the use of 
still more sensitive arrangements it would be quite possible 
that the match could be detected at the distance of three miles. 


THE REFLECTION OF HYDROGEN ATOMS FROM CRYSTALS. 


I wish to turn, now, to another type of experiment. 

Our endeavors to understand the atom have led us into 
a maze of complexities. At the end of the last century we 
were coming to a stage of contentment in the belief that 
light was satisfactorily explained as a wave motion of electro- 
magnetic nature propagated in the all-pervading medium— 
the ether. We learned to think of electricity as composed 
of small particles, electrons and protons which our minds 
pictured as little spheres; the electron having a radius of 
the order 10-8 of a cm. and the proton a radius 1,800 times 
smaller. No sooner had we adjusted our mental equilibrium 
to this view, however, than nature revealed some facts which 
seemed to show that light was propagated in a manner more 
characteristic of a flying particle than of a spreading wave, 
and that X-rays and the gamma rays of radium were also 
of this particle nature. The light ray was a sort of Dr. 
Jekyll and Mr. Hyde. The electron did stand out, however, 
in our minds as a thing of less capricious nature and no one 
suspected it of leading a double life. However, in the last 
two or three years our whole views of the mechanism of 
atomic structure have undergone a very radical change and 
the scrutiny which the new views have imposed on the 
electron have shown that he also is not above suspicion. 
The detectives were set to work upon him with the result 
that in the famous experiments of Davisson and Germer he 
was caught in the act of doing something which nobody ever 
believed that he could do—the act of posing as a wave 
instead of as a particle. This immediately threw suspicion 
on all things like him—the atom included, and the theory 
of the whole business confirmed the viewpoint that the atom 
was probably guilty too. Of course, the detailed investigation 
of phenomena of this kind constitutes one of the most im- 
portant lines of attack in our endeavor to understand the 
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ultimate nature of things, and Dr. Johnson has been seeking 
to ascertain whether an atom of hydrogen may or may not 
be made to act in the capacity of a wave. In order to 
illustrate the nature of the temptation to which Dr. Johnson 
has subjected the atomic hydrogen I must recall to your 
minds the fact that many years ago, physicists succeeded in 
ruling very finely spaced lines on speculum metal in such a 
way as to constitute a grating. When light is caused to 
fall on such a grating it is not reflected off in a simple manner 
as in the case of an ordinary mirror, but the reflection occurs 
in certain definite directions depending on the wave-length 
of the light. The shorter the wave-length of the light the 
more closely is it necessary to rule these lines in order to 
exhibit this effect. It would be quite impossible to rule a 
grating which would serve in all respects for X-rays as our 
former gratings serve for light, because the spacing of the 
lines would have to be too fine. Within the last fifteen years, 
however, an enormous development both in our knowledge 
of the structure of matter, and X-rays has come about by 
realizing that in the regularities of structure which we find 
in crystals nature has succeeded in providing us with just the 
sort of gratings which are appropriate for use with X-rays. 
The theory of these gratings is a lot more complicated than 
the earlier diffraction gratings. They are in fact three-dimen- 
sional gratings; and, if a beam of X-rays of definite quality 
be allowed to fall upon the surface of such a crystal, there 
will in general be only a certain angle of incidence at which 
reflection will occur, and the angle of reflection will in each 
case be equal to the angle of incidence. If we had to deal 
with X-rays which, like light, could penetrate only a very 
short distance into the crystal, that crystal would act like a 
surface grating. There would be reflection for every angle of 
incidence, but for each angle of incidence there would be a 
set of different reflected beams. Now, in the experiments of 
Davisson and Germer to which I have referred, it was found 
that on sending a beam of electrons onto such a crystal the 
beam behaved in a manner similar to X-rays, in giving rise 
to definite reflected beams. Before this time everyone 
believed that electrons were particles. | 

In carrying out experiments designed to test the possibility 
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of such behavior in the case of atoms it is first necessary to 
decide upon a grating of suitable spacing. As regards the 
atoms to be used in the experiment it was decided to try 
atomic hydrogen, since this represents one of the simplest 
types of atoms, and an atom, moreover, which would corre- 
spond in theory to types of X-rays which are most convenient 
to work with. In experiments of this kind it is very necessary 
that the surface from which reflection occurs shall be main- 
tained absolutely clean. For this and certain other reasons 
Dr. Johnson decided to use in the first instance crystals of ice. 
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Fig. 27 represents the general scheme of the apparatus. By 
sending an electric discharge between the electrodes through 
the space which can be readily traced out in the figure and 
which was filled with hydrogen, a copious supply of atoms of 
hydrogen was produced. The portion of the discharge tube 
shown in the figure 1s surrounded by a double-walled vessel 
which could be filled with water to control the temperature. 
Through the slit indicated in the discharge tube the atomic 
hydrogen shot, with a velocity of about 300,000 cms. per 
second towards the slit in the metal chamber, which is shown 
dark. The atoms which failed to pass through the second 
slit were prevented from clogging up the space by means 
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of a powerful four stage diffussion pump which cleared them 
out very rapidly. 

The beam of hydrogen which passed through the slits 
fell upon a little surface, which was a plane-plate of glass 
covered by crystals of ice frozen onto it from vapor which 
was allowed to enter the metal chamber at frequent intervals. 
The glass plate was kept cool by maintaining it in contact 
with liquid air by an arrangement which is not shown in the 
figure. A Holweck pump served to prevent the accumulation 
of atoms in the metal chamber as a result of the entrance of 
the beam. The ice of course existed in the form of a great 
many minute crystals oriented in all sorts of different direc- 
tions. A glass plate covered with molybdenum oxide was 
arranged to catch any reflected beam. The atomic hydrogen 
left its record by turning the oxide blue. If the ice crystals 
acted as three-dimensional gratings, only such crystals as were 
properly oriented in relation to the original beam would 
reflect the atoms, but we could always expect that there would 
be enough crystals so oriented for the purpose. The reflected 
beams if they occurred would be found inclined to the original 
beam at definite angles determined by the grating space of 
the crystal and the wave-length to which the atoms of hy- 
drogen, treated as waves might be supposed to be equivalent. 
If, however, the atoms of hydrogen failed to penetrate through 
the surface layer of the crystal we should expect that such 
an arrangement as this would fail to show any definite 
reflected beams, and it would be necessary to use a single 
crystal of definitely defined surface to obtain such reflection. 
In the first experiments which Dr. Johnson carried out he 
did obtain records which seemed to indicate reflections of 
the atomic hydrogen beams of the kind sought. However, 
further investigation revealed the probability that these 
records were caused by phenomena other than crystal 
reflections. 

When it seemed likely that the atomic hydrogen did not 
penetrate sufficiently far into the ice to permit of the realiza- 
tion of the three-dimensional grating reflection, Dr. Johnson 
turned his attention to the use of a single crystal, but since 
it was impracticable to grow a single crystal of ice in the 
apparatus he decided upon rock salt. The same apparatus 
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was used for experiments with this crystal except that a 
means of heating the crystal in situ was provided so that the 
accumulation of gas on its surface could be prevented. Bya 
curious coincidence, it was only yesterday, that Dr. Johnson 
obtained, from a crystal grating, the first real reflection of a 
beam of atomic hydrogen characterized by equality of angles 
of incidence and reflection. Thus, here again we find a 
phenomenon consistent with the view that particles, now 
atoms of Hydrogen, can behave as waves behave. It is true 
that if we confine ourselves to specular reflection the phe- 
nomenon could also be accounted for by the assumption of a 
repulsive force perpendicular to the surface of the crystal. 
There are certain respects, however, in which the wave hy- 
pothesis has a greater richness of content in respect of what 
it predicts than has the repulsion hypothesis, and further in- 
vestigations are now in progress with the object of distin- 
guishing between the two views. Fig. 28 shows the complete 
apparatus which was used in these experiments. I wish | 
could take the time to describe it in detail as it offers many 
devices which have been originated and which will be of ser- 
vice in many other investigations, as, for example, an 
entirely new form of liquid air trap for mercury vapor, which 
is probably more efficient than any one yet devised and 
which was recently described in The Journal of the Fr. Inst. 
Also, the stop cocks with little liquid air vessels attached are 
convenient devices for preventing stopcock grease from get- 
ting into the main parts of the apparatus. 


A DEVICE FOR OBTAINING HIGH POTENTIALS. 


Fig. 29 represents an apparatus with which, if the fates 
are kind to me, I hope to realize very high electric potential, 
possibly of the order of a million volts. One of its features 
lies in the fact that the body which becomes charged is totally 
disconnected from all external conductors so that loss by 
coronas and the like are eliminated. You might think that 
such an isolated charged body was in the highest degree 
useless, but of that more anon. 

The scheme amounts practically to a water dropper in a 
vacuum, with the water replaced by a steel ball. The ball 
falls from a glass tube through an earth-connected metal 
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tube which it touches as it emerges. Around this tube is a 
cylinder A which can be maintained at say 30,000 volts. 
The ball receives an induced charge as it leaves the tube and 
with this it falls down the glass tube B into the nickel sphere 
C. It makes contact with this sphere at a little funnel and 
there gives up its charge to the sphere. Contact with the 
sphere is broken while it is inside, so that it then falls into 


FIG. 29. 


the funnel D where it hits on a rod of iron and then runs out 
through a hole into the glass tube B where, by a magnetic 
device, it is carried up to the top of the apparatus and allowed 
to fall again. In order to prevent the ball from knocking 
the bottom out of the tube at the point where it falls, the iron 
rod which it strikes is held suspended in space inside the 
vacuum, like Mohammed’s coffin, by means of a current 
carrying solenoid outside. The nickel sphere should go on 
rising in potential, the limit being obtained when the potential 
is so high that the work required to put an additional element 
of charge q brought down by the ball onto the sphere, that 
is the work Vq, is equal to mgh where m is the mass of the ball, 
g the acceleration due to gravity and k the height of fall. 
VoL. 205, No. 1230—56 
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As you will readily see it is always possible to measure the 
potential of the sphere by this idea even though nothing is 
connected to it. All we have to do is to adjust the potential 
of A and consequently the magnitude of qg so that the ball 
just fails to fall in. For this purpose it is planned to provide 
an additional ball which is hollow and so has smaller weight. 
The sort of purpose for which one would use such an apparatus 
is the creation of very high velocities in electrons, such as would 
enable us to approximate the conditions obtained in beta 
rays from radium. By shining ultraviolet light through a 
quartz window onto the sphere it would be possible to liberate 
electrons therefrom and thus secure the source of electrons 
desired. These electrons would then be hurled away from 
the nickel sphere and could be made to pass through a suitably 
arranged metal window. One of the matters of investigation 
would of course be phenomena concerned with the absorption 
of these high-speed electrons in the window. 

Some years ago Mosley attempted to obtain very high 
potentials by attaching to an insulated conductor placed in 
a vacuum a small quantity of radium, shielded by a thin 
casing which prevented the departure of alpha rays but 
permitted the departure of the beta rays. In this way the 
thought was that the insulated conductor might charge up 
to a potential corresponding to the velocity of beta rays. 
The experiment was not successful because at a potential of 
the order of 250,000 volts gaseous discharge prevented the 
potential from rising any further. Two matters favor the 
present apparatus however, as compared with Mosley’s. In 
the first place we can today produce much better vacua than 
were produced in Mosley’s experiment; and, in the second place 
the rapidity of charging of the sphere which would be realized 
under the conditions I have named would be the equivalent 
of what Mosley would have had if he could have used about 
8 grams of radium. 

THE VARIATION OF RESIDUAL IONIZATION IN A GAS WITH PRESSURE AS A 
| FUNCTION OF THE ALTITUDE. 

The last investigation which I plan to describe to you is 
one which I undertook under the auspices of the Bartol 
Foundation with the object of securing data regarding the so- 
called cosmic radiation. It has been known for a long time 
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that in a vessel free from radioactive contamination ions are 
produced at a constant rate of about ten pairs per cubic cm. 
per second over land. A certain amount of this ionization is 
known to be due to radium emanation in the atmosphere and 
to radium in the soil. When, however, measurements are 
made over the ocean where in the water itself and in the air 
above it there is a negligible amount of radium content, about 
4 ions per c.c. per sec. still make their appearance. Many 
years ago Prof. McClennan and his students showed that in 
a vessel of ice situated over Lake Ontario ions were produced 
` at the rate of about 2.6 per c.c. per sec. It has been customary 
to attribute ionization of this kind to a radiation coming from 
regions outside our atmosphere, and in 1923 Kohlhorster 
made measurements of this radiation up to altitudes of 9 or 
10 kilometers. He concluded that it increased from about 
3 ions per c.c. at sea level to about 80 ions per c.c. at ten 
kilometers. During the last few years very interesting in- 
formation on the nature of this radiation has been obtained 
by Prof. Millikan and his students, first by sending up pilot 
balloons to altitudes of the order 15 miles and then by 
experiments carried out on high mountains and in snow fed 
lakes at high altitudes. From their pilot balloon experiments, 
Millikan and Bowen concluded that the absorption coefficient 
of the radiation was much less than that found by Kohlhorster. 
Happily, the divergence between the values of different 
observers for this radiation is not so great as to prevent 
agreement on the conclusion that the absorption coefficient 
is much larger than for ordinary gamma rays, so that it is 
possible by suitable shielding of the apparatus to diminish 
to relative insignificance the true gamma ray part and so 
disentangle it from the more penetrating part. In 1923 
Kohlhorster made absorption measurements of the radiation 
in Alpine glaciers while Millikan and Otis made absorption 
measurements with lead at the summit of Pikes Peak. 
Kohlhorster’s data gave an absorption coefficient of 0.25 per 
meter of water. On the other hand, Millikan and Otis 
concluded that if there existed any rays of cosmic origin 
they must be more penetrating than Kohlhorster found, or 
the intensity of sea level must be less than corresponding to 
the value two ions per c.c. per sec. which he regarded as the 
most probable value. 
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In 1925 Millikan and Cameron by sinking apparatus to 
various depths in snow fed lakes at high altitudes arrived 
at the conclusion that there existed a radiation of cosmic 
origin such as would produce 1.4 ions per c.c. per sec. in the 
ionization chamber at sea level. Moreover, they concluded 
that this radiation was of a non-homogeneous type varying 
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in absorption coefficient from 0.18 to 0.3 per meter of water. 
Still further measurements have lead them to extend the 
range of absorption coefficient from 0.1 to 0.25. On the 
other hand, Hoffman on the basis of Kohlhorster’s results 
found 0.29 ions per c.c. for the ionization at sea level. 
Measurements of the residual ionization as a function of 
the pressure lead to the conclusion that the increase of 
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ionization per atmosphere diminishes with pressure increase. 
Such measurements are of interest because the increase of 
ionization per atmosphere increase at high pressures is in- 
dependent of the effects of soft radiation emitted from the 
walls of the vessel as a result of radioactive contamination or 
even as the result of the action of the primary radiation. 


FIG. 31. 
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While the increase in ionization per atmosphere is not the 
same thing as the ionization produced in a vessel at one 
atmosphere, it is closely related to it, and it appears on the 
basis of plausible assumptions that the least value of the in- 
crease of ionization per atmosphere for the whole ionization 
pressure curve is greater than, or at least equal to, the ioniza- 
tion which would be produced at one atmosphere by the direct 
and secondary actions of the penetrating radiation in the gas it- 
self. Theexperiments which I am about to describe were made 
at the summit of Pikes Peak, at Colorado Springs, and in New 
Haven. I carted about two tons of apparatus to the top of 
Pikes Peak and stayed there for a week. Most of the indi- 
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vidual pieces of the apparatus weighed about 250 lbs. and 
while theoretically there were laborers about, one could not rely 
upon getting them when wanted so that most of the time I was 
hauling those things about myself; and, if you have ever tried 
this when you have only two-thirds of an atmosphere to breathe, 
after being accustomed to live at sea level, and have to do it 


FIG. 32. 
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during the first day or two that you get up the mountain, 
when you feel as sick as a dog, you will know what it means. 
When I got up the mountain I went to see the grave of a 
man who had been buried up there and I thought what a 
beautiful idea that was. After I had been up there a week 
I decided that I would not even like to be buried there and 
the comforts of a nice hotel never in my life seemed so 
welcome to me as they did when I came down that mountain. 

Here is the apparatus used (Fig. 30). I must not 
enter into detail other than to point out the iron sphere A, an 
inch thick, in which the pressure was blown up by means of 
high pressure cylinders to about 1,000 lbs. to the sq. inch. 
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Figs. 31 and 32 are pictures of the apparatus as set up in 
New Haven. The lead rings serve to surround the sphere 
and shield out the softer radiations of radioactive origin, and 
the like. Fig. 33 shows the curves obtained. The upper 


FIG. 33. 
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one was obtained at Pikes Peak when the apparatus was 
unshielded by the lead. The next lower corresponds to 
Pikes Peak shielded by lead. The next, dotted curve, corre- 
sponds to Colorado Springs unshielded and the next below 
that corresponds to New Haven unshielded. Finally, the two 
lowest curves correspond, respectively, to observations taken 
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at Colorado Springs and New Haven with the apparatus 
shielded. In the case of two sets of observations taken a 
month apart the points lay so accurately on the single curve 
that it was impossible to say which belonged to one set of 
observations and which to the other. The increase per atmos- 
phere at New Haven, that is at sea level, and at the highest 
pressure, was 0.16 ion per c.c. per second per atmosphere. 
By comparing the increase per atmosphere at corre- 
sponding pressure it is possible to calculate the absorption 
coefficient of the radiation. Here I must call attention to 
one important fact. Observers previous to Millikan have 
used the expression J = Iæ” for the intensity J, in terms 
of the intensity J») outside of the region of atmospheric 
absorption. Here u is the absorption coefficient and H the 
altitude of the top of the atmosphere above the place of the 
experiment if the atmosphere were rendered homogeneous 
and corresponding in density to the density at sea level. 
The above formula does not take into account the fact that 
the radiation comes in from all directions. A formula taking 


this into account is 
© e—"Ħ* 
I = I f dx, 
0 


x2 


and such a formula was used by Millikan and Cameron. 
These two formule give decidedly different values of the 
absorption coefficient for the same experimental data, a fact 
which must be taken into account in comparing the actual 
content of the results of different observers. Thus, when 
reduced to a value corresponding to a unit of absorption of 
one meter of water my results as calculated from the simple 
formula give as the coefficient of absorption between Pikes 
Peak and Colorado Springs 0.39 and between Colorado 
Springsand New Haveno.172. When calculated from the more 
correct formula the corresponding values are 0.305 and 0.12. 

There is much that might be said as to the significance of 
these results, particularly in their relation to the theory of 
the earth’s charge, but the hour is now late and I must 


forbear. 
CONCLUSION 


In attempting this very rapid survey of the problems 
under way at the Bartol Foundation I have naturally had to 
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omit the discussion of many matters which will immediately 
occur to specialists on the subject and I hope that any points 
on which you may desire further enlightenment will be 
brought out in discussion. I think all of the gentlemen 
concerned in these experiments are present, and since you 
have heard enough of my voice I have no doubt that it will 
be more agreeable in some cases to hear answers from them. 
I have tried as far as possible to indicate in what way the 
various experiments have some significance in relation to 
our search into the fundamentals of truth, and if any of them 
seem to you rather speculative I can only remind you that it 
has always been true of science that the visions of today are 
the realities of tomorrow. 
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The Seventh Cruise of the Non-Magnetic Yacht “‘ Carnegie.” 
J. A. FLEMING. (Science, May 11, 1928.) The Assistant Director 
of the Department of Terrestrial Magnetism, Carnegie Institution, 
reports that this vessel left Washington, D. C., on May 1 for a fur- 
ther magnetic and electric survey of the oceans. Already 290,000 
miles have been covered by the preceding six cruises. The present 
one will add 109,000 miles to the total. The proposed route is 
this: England, Germany, Iceland, Barbados, North Pacific, South 
Pacific, South Atlantic, Indian and North Atlantic oceans. The 
voyage will end about September, 1931. 

The sailing staff consists of 17 men, while 8 constitute the scien- 
tific personnel. The instrumental equipment is much ahead of 
that carried on the sixth cruise. Magnetic inclination and intensity 
will be determined by electro-magnetic methods and the atmospheric 
potential-gradient will be registered photographically. The new 
work to be carried out includes observations of natural marine 
electric-currents as well as an extensive program in oceanography 
both on the physical and the biological side. About a score of 
scientific organizations in the United States and abroad have fur- 
nished either mental or material equipment for the cruise. There 
can be no doubt that this voyage will not only add to the safety of 
navigation but will also contribute largely to the knowledge of the 
earth’s magnetism as a whole. Thus a further approach will be 
made to the solution of a very difficult problem. The activities of 
the Department of Terrestrial Magnetism directed by Dr. L. A. 
Bauer form a chapter in scientific progress of which all citizens 
of the United States may well be proud. 

G. F.S. 


THE FOUR “VARIABLES OF THE VISUAL THRESHOLD. 


BY 
PERCY W. COBB AND FRANK K. MOSS, 


National ae Werke or concn Eien Company, 
Nela Park, Cleveland. 

In the investigation of questions relating to lighting, it 
becomes of importance to measure the capacity of the eye to 
see; and in performing this measurement, we are confronted 
with the fact that there are almost as many different ways of 
evaluating visibility as there are different things to look at. 
It becomes necessary then, as the first step toward the perhaps 
impossible task of exhausting this subject, to select a limited 
series of visual objects for study. 

In the present work the selection of this series has been 
guided by two considerations. The major one of these has 
been the necessity, in scientific work, of dealing with things 
which are susceptible of exact description and reproduction. 
The second consideration has been the technical problem of 
constructing such visual objects which shall also extend over 
the widest possible ranges of the variables involved. 

The eye is capable, under otherwise favorable conditions, 
of resolving very small objects. The familiar test-card of 
the ophthalmologist is an illustration of this. In practice, it 
is found that two objects may be distinguished when they 
are separated by as little as one minute of visual angle. 
In this case, however, as with the letters on the test-card, 
the objects must be marked off from their background by a 
high factor in brightness. The white surface of the card 
reflects perhaps 80 per cent. of the light falling upon it; 
the ink with which the letters are printed, perhaps 5. The 
difference, 75, is then about 94 per cent. of the brightness of 
the card, which, in this case, we may look upon as the gen- 
eral level of brightness to which the eye is exposed. 

While these conditions may be held to apply, without 
great modification, to most of the reading and clerical work 
which the eyes are called upon to perform, it is otherwise in 
many cases where vision is of the highest importance. 
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The best illustration of these conditions is perhaps the 
appearance of a large object, such as a building, when it is 
no more than just visible through a fog. As we approach 
such an object, when it first becomes visible it is seen only 
in its outlines, within which is included an area of the visual 
field which is extremely large as compared with the critical 
letter on the test-card. But on the other hand, the brightness- 
difference between this area and its background, which makes 
it visible at all, is slight. The area, in silhouette, appears 
of a very pale gray, which may be, say, one or two per cent. 
darker than the surrounding background. As we approach 
the object, the visual angle increases and at the same time 
the depth of the layer of intervening fog is reduced with 
corresponding increases in the contrasts. In consequence, 
the details of the building come to be visible upon the silhou- 
ette, first, the larger ones as the doors and windows, later 
the shingles, clapboards or bricks as the case may be. 

These two extreme conditions for vision, as well as all 
intermediate stages, may be produced in the laboratory by 
comparatively simple means,' as was the case in the experi- 
mental work here to be described. Test-objects (Fig. 1) 


Fic. I. 


+ 


THE FORM OF THE TEST-OBJECT. 


The interval between the dark rectangles is equal to their width and is one-third of their 
length. When this interval is 1.745 mm., it subtends r minute visual angle at the eye, 6 meters 
distant. The ‘‘size’’ in visual angle is computed upon this basis. 


of various sizes were made of the deepest black on white. 
One of these was placed at the center of a large, white screen S 
(Fig. 2) at six meters distance from the eyes of the subject 
at H. About half way between, a sheet of plate glass V is 
interposed in the line of vision, making an angle of about 45° 
therewith, in such a way that the subject sees, reflected in 


1A more detailed description of the technique used is to be found in an 
earlier communication on this subject in the Journal of Experimental Psychology, 
August, 1927, Vol. X, pp. 350 to 364. 
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the plate glass and superimposed upon the screen, the image 
of a large sheet of opal-flashed glass O, illuminated uniformly 
from behind. Under such conditions, with separate control 
of the illuminations upon the test-object by means of lamps 
Lı, Lı, and upon the large diffusing surface o, whose image 
(the ‘‘veil’’) is seen in the oblique reflector, by lamps at L, 
it is possible to construct visual objects of various sizes and 
of all grades of brightness-difference, from the deepest black, 
through the palest gray to the point of complete extinction. 
Designating the brightness of the background of the test- 


FIG. 2, 
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GENERAL ARRANGEMENT OF APPARATUS. 
The test object was placed at the center of the screen S, lit by the lamps Z:Z;._ The subject's 


head was steadied by a head-rest at H. A sheet of plate-glass V reflected the image of the opal 
glass O, lit by a bank of lamps at L. The illumination on S and the brightness of the image of O 
were independently controllable. 

object as s (screen), and that of its black elements as So, 
when the veil is superimposed, these are each seen with an 
equal brightness, v (veil), added to them. The brightness of 
the background then becomes s + v, that of the figure of the 
test-object, so + v, and the percentage contrast, as expressed 
here: 


IOO 


(s +v) sto 
With a series of test-objects ranging in size from 0.80 to 
16.0 minutes visual angle, the percentage contrast was 


determined at which each test-object was just at the border 
of visibility, the brightness of the background (s + v), being 
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maintained at 20ml. This procedure was repeated at 100 ml. 
brightness of background, and again at 1 ml. For these 
three sets of data the time of exposure of the test-object 
was uniform at 170 ø (thousandths of a second). The test- 
object (Fig. 1) was mounted centrally on a disc seen at the 
center of the screen S (Fig. 2). This disc rotated at the rate 
of 120 revolutions per minute and could be almost instan- 
taneously stopped and started by a magnetic clutch, which 
in turn was controlled by a switch in the arc of a pendulum. 
This arrangement made it possible to stop and start the 
disc with a very short and measurable interval; and the 
duration of this stoppage is the time of exposure just stated. 

It was also of interest to determine the effect of changing 
the time of exposure of the test-object. Accordingly, at 
I ml., and at 100 ml. brightness of ground, and with test- 
objects of three selected and representative sizes, three 
parallel series of measurements were made in which the three 
times of exposure were 75 ø, 170 ¢ and 300 ø. 


TABLE I. 
Mean Percentage Contrast for the Threshold, for Various Sizes of Test-objects (First 
Column) and for Nine Different Subjects. 
The last column gives the geometric mean for the nine individuals. Exposure- 
time 0.170 second. 


Minutes Brightness, 100 ml. 
Visual 
Angle. 
C M T Cm P C! 
0.65 |70.4 |71.7 59.0 


0.80 |24.6 |32.7 145.5 |56.5 |47.6 |92.8 |26.9 
1.17 |11.6 9.65| 14.8 | 16.5 | 13.4 |29.8 |10.3 
1.63 6.50] 4.96| 9.09 | 7.68| 8.42|13.7 
2.41 3.73 | 3.20] 5.43] 4.28] 5.21] 7.65 
3.95 1.91} 1.73| 3.51] 1.48] 1.96] 4.86 
7.98 1.33| 1.00} 1.95] I.41 | 1.70] 2.21 
16.02 1.05| 0.87] 1.40] 1.19] 1.16] 1.29 


The results of the three size-contrast sets are given in 
detail, for each of the nine subjects used, in Tables I, II, 
and III for 100, 20, and 1 ml. respectively. In Tables IV 
and V are given the results of the time-sets at 100 and at I ml. 
respectively. In these two tables the figures in parentheses 
are extrapolated or interpolated, as the case may be, using 
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Lagrange’s formula applied to the logarithm of the visual 
angle and the logarithm of the percentage contrast. This 
particular procedure was justified by its application to 
corresponding data in the size-contrast sets, within which 
the extrapolated data could be checked directly against the 
empirical. 

TABLE IlI. 


Mean Percentage Contrast for the Threshold, for Various Sizes of Test-objects (First 
Column) and for Nine Different Subjects. 


The last column gives the geometric mean for the nine individuals. Exposure- 
time 0.170 second. 


Minutes Brightness, 20 ml. 
Visual 
Angle. 
C M T L P H. K W B Mean 
0.80 89.1 | 89.0 | 78.2 62.2 82.8 


0.99 | 47.0 | 39.1 | 50.2 | 43.8 | 56.0 | 57.0 | 35.3 |74.0 | 44.3 | 48.5 


: ; 7.66 
2.41 6.42 | 4.62] 8.37] 6.46! 7.86] 12.3 5.12| 9.02 | 4.76| 6.87 
3.20 3-93 | 3.29] 6.85] 4.02] 6.10] 9.26] 3.96] 6.19] 3.44] 4.92 
3:95 | 3-29] 2.54] 4.97] 3-23] 4.33] 6.46] 3.20] 3.92] 2.81} 3.71 
5.67 2.55] 1.95| 3.50] 2.35] 3.17| 4.20] 2.34] 2.94] 2.13| 2.71 
7.98 2.07| 1.60] 2.91} I.90| 2.71 | 2.98] 1.81] 2.23] 1.75] 2.16 
11.31 1.72| 1.38] 2.22] 1.58] 2.30] 2.24] 1.54] 1.84] 1.65] 1.80 
16.02 1.50} 1.27| 1.85] 1.42] 1.79] 1.96] 1.34] 1.61] 1.51] 1.57 


TABLE III. 


Mean Percentage Contrast for the Threshold, for Various Sizes of Test-objects (First 
Column) and for Nine Different Subjects. 


The last column gives the geometric mean for the nine individuals. Exposure- 
time 0.170 second. 


Minutes Brightness, 1 ml. 
Visual 
Angle. 
C. M. T. Cm. P. H. K W B. Mean 
1.17 |78.5 | 68.8 85.8 70.0 77.0 


1.35 146.3 | 45.7 |68.1 |88.2 |58.8 |75.8 
1.63 |338 |31.4 |47.7 | 56.7 |39.7 | 52.1 
1.93 |24.5 |19.2 |37.4 139.4 |26.6 | 34.0 
2.41 |14.7 |11.2 |23.8 |23.9 | 16.9 | 23.8 
3.20 9.34] 7.27| 15.5 | 13.4 | 11.3 [17.9 
3.95 6.79 | 4.97 | 10.6 9.02 | 7.0 
5.67 4.05| 3.16| 6.70| 4.85| 390| 6.41 
7-98 2.91 | 2.38 | 4.74| 3.32| 2.92] 4.07 

11.31 ; 

16.02 


2.54 4.19 2.56 3.20 
1.86 
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The relative probable errors? of the results stated in 
Tables I, II, and III are given in Tables IA, IIA, and IIIA 
respectively, and in an exactly corresponding way. The 


TABLE IA. 


Relative Probable Errors of the Threshold Values Given in Tables I, II, and III. 

These are derived in each case from the five separate serial values. The 
probable error of the mean Em, last column, is derived from the nine corresponding 
individual values E, by formula Ex = 1/N4 5E, in which N = 9. The variations 
due to the systematic differences between the individuals are therefore not 
included in Em. 


Minutes Brightness, 100 ml. 
Visual 
Angle. 
M T Cm. P CI K 


TABLE IIA. 


Relative Probable Errors of the Threshold Values Given in Tables I, II, and III. 

These are derived in each case from the five separate serial values. The 
probable error of the mean Em, last column, is derived from the nine corresponding 
individual values E, by formula Em = 1/NVSE?, in which N = 9. The variations 
due to the systematic differences between the individuals are therefore not 
included in Em. 


Minutes Brightness, 20 ml. 
Visual 
Angle. 
C. M. T: L. P. H. K. W. B. Mean. 
0.80 .030 | .042 | .047 .O16 .031 


0.99 | .041 | .092 | .076 | .047 | .087 | .044 | .056 | .036 | .060 | .02I 
1.17 .053 | .048 | .064 | .016 | .060 | .022 | .087 | .032 | .028 | .017 
1.35 .056 | .O51 | .036 | .050 | .083 | .047 | .064 | .025 | .020 | .017 
1.63 .055 | .030 | .039 | .053 | .044 | .049 | .044 | .032 | .044 | .015 
1.93 .038 | .047 | .028 | .047 | .063 | .043 | .045 | .O15 | .055 | .015 
2.41 .035 | .061 | .026 | .072 | .057 | .055 | .034 | .038 | .040 | .016 
3.20 .020 | .044 | .044 | .038 | .031 | .036 | .038 | .035 | .o50 | .013 
3.95 .024 | .063 | .039 | .035 | .040 | .034 | .034 | .O18 | .033 | .o12 
5.67 .048 | .056 | .022 | .042 | .048 | .043 | .O51 | .OII | .023 1d 
7.98 .049 | .055 | .038 | .026 | .048 | .O16 | .020 | .028 | .023 | .O12 
11.31 .034 | .052 | .02I1 | .038 | .066 | .036 | .030 | .O13 | .023 | .013 
16.02 .054 | .056 | .034 | .032 | .042 | .030 | .050 | .031 | .027 | .O14 


2 By “relative probable error” is meant the probable error of the mean, 
divided by the mean. It is therefore the probable error in terms of the mean as 
unity. 
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TABLE IIIA. 


Relative Probable Errors of the Threshold Values Given in Tables I, II, and III. 


These are derived in each case from the five separate serial values. The 
probable error of the mean Em, last column, is derived from the nine corresponding 
individual values E, by formula Em = 1/Ny EE, in which N = 9. The variations 
due to the systematic differences between the individuals are therefore not 
included in En. 


Minutes Brightness, rı ml. 


Visual 
Angle. 

C M T Cm P H. K Ww B Mean 
1.17 | .068 | .067 .040 .045 .029 


1.35 .047 | .096 | .O41 | .031 | .035 | .039 | .050 | .020 | .037 | .o16 
1.63 .047 | .063 | .O14 | .030 | .054 | .043 | .042 | .016 | .038 | .014 
1.93 .OO1 | .097 | .O15 | .032 | .040 | .073 | .030 | .044 | .038 | .o18 
2.41 .040 | .097 | .045 | .057 | .035 | .099 | .059 | .054 | .037 | .02I 
3.20 O19 | .072 | .037 | .071 | .038 | .071 | .019 | .036 | .027 | .016 
3.95 .037 | .076 | .035 | .O61 | .069 | .072 | .013 | .038 | .o21 | .017 
5.67 .034 | .061 | .04I1 | .048 | .044 | .044 | .034 | .046 | .008 | .oI4 
7.98 .038 | .042 | .006 | .038 | .068 | .060 | .007 | .056 | .026 | .o14 
11.31 .023 | .040 | .020 | .016 | .062 | .050 | .020 | .049 | .035 | .O13 
16.02 .O17 | .032 | .o17 | .028 | .038 | .006 | .020 | .046 | .021 | .009 


relative probable errors of the means, last column, are each 
derived from those in the corresponding line of the table 
in such a way as not to be augmented by the differences 
between the individual subjects, since the latter are regarded 
as systematic and as not affecting the trend of the final 
result. An idea of the extent of the individual differences 
may be gained by intercomparison of the results within 
Tables I, II, III, IV, and V. The random selection of a 
totally different group of subjects might yield results different 
from those given, in excess of the uncertainty indicated by 
the probable errors stated. 


The method of serial groups was used in each measure- 
ment. Each individual tabulated result represents the 
average from five series. Thus 2185 series are represented 
in the tables. Although the series are of variable length, 
the number of observations in each series averages not far 
from 50. Thus the results given represent something like 
100,000 observations. 
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TABLE IV. 


Mean Percentage Contrast for Three Exposure-times. 
Values which have been interpolated or extrapolated are given in parentheses. 


Minutes Exposure- Brightness, 100 ml. 
Visual Time, 
Angle. Seconds. 


M. T. | Cm. ] P. Cl. K. W. B. Mean. 


0.075 |37-3 136.4 |62.5 |73.4 |45.4 | 93-9134.2 |(94.8) 139.9 | 52.7 
0.80 0.170 {28.0 |27.8 |47.4 |58.0 137.5 | 93.3]29.2 |(82.0) |31.6 | 43.6 
0.300 21.8 |23.5 141.7 146.4 133.5 | 89.8/25.5 |(67.8) 126.4 | 37.2 
0.075 55:7 
0.99 0.170 46.9 
0.300 39.2 


0.075 3.81] 3.34) 6.63] 5.19] 5. : : 
2.41 0.170 3.37| 2.82] 4.81] 4.58] 4.72! 8.58] 3.72] 7.13 | 3.80] 4.56 
0.300 3.08] 2.74! 4.39] 3.93] 3. 


0.075 1.14] 0.95] 1.68] 1.23] 1.42] 1.37] 1.02] 1.55 | 1.25} 1.27 
16.02 0.170 1.08] 0.85] 1.37] 1.07] 1.32] 1.25] 0.96] 1.37 | 1.08} 1.14 
0.300 0.98] 0.71| 1.16] 1.04] 1.20] 1.28] 0.90} 1.24 | 0.98] 1.04 


TABLE V. 


Mean Percentage Contrast for Three Ex posure-times. 
Values which have been interpolated or extrapolated are given in parentheses. 


Minutes| Expo- Brightness, 1 ml. 

Visual | fme |p a 
me ISeconds.| c, | M. | T. | Cm. | P. Cl. K. W. B. | Mean. 
0.075 | 85.5 | 81.9 92.9 75.0 86.9 
1.17 | 0.170 | 68.2 | 70.8 88.8 61.4 72.2 

0.300 | 58.0 | 56.8 68.9 52.9 59.1 


ee | eee | ee | | | | | | eS | ae 


0.075 |(60.7)|(56.9)|86.3|(125.2)|(66.8)}(1 28.2)|(§1.8)](161.4)|(5§9.2)| 81.5 
1.35 | 0.170 |(48.4)|(48.1)|65.7|(118.7)|(59.3)|(127-4)1(43.0)|(157.4)|(49.2)} 71.0 
0.300 |(41.6)|(39.2)/55-7| (96.8)|(48.3)| (98.2)/(37.2)|(115.1)|(40.6)| 57.8 
0.075 77-4 91.9 
1.63 | 0.170 70.3 81.1 
0.300 56.2 64.4 


N E aaa a | eS | a cen 


0.075 | 18.4 | 16.3 |26.0| 34.6 | 21.0 | 31.0 | 14.6 | 33.0 | 15.8 | 22.3 
2.41 | 0.170 | 14.8 | 12.9 |22.1| 28.4 | 15.2 | 24.3 | 12.8 | 25.0 | 13.3 | 17.9 
0.300 | 13.2 | II.I |19.4| 21.8 | 14.4 | 20.8 | 11.3 | 22.7 | 11.2 | 15.6 
0.075 | 2.50| 2.17|3.71| 2.58] 2.62| 3.64) 2.23| 3.30) 2.3I| 2.73 
16.02 | 0.170 | 2.28| 1.95/3.32| 2.37| 2.28] 3.15] 2.16] 3.01! 2.03| 2.46 
0.300 | I.9I} 1.69/3.06/ 2.23] 2.17/ 3.04] 1.90} 2.63} 1.82] 2.22 
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The mean values given in the tables are plotted in Fig. 3,° 
in which the three curves drawn in solid lines represent the 
data from Tables I to III inclusive. The curve in broken 
lines represents the values for 10 ml., the ordinates having 
been interpolated by Lagrange’s formula from those of the 
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VISUAL ANGLE-CONTRAST RELATION. 

The data indicated by the circles on the three curves were taken with an exposure-time of 
0.170 sec. Those indicated by the groups of three short horizontal lines were taken at another 
time with exposure-times of 0.075, 0.170 and 0.300 seconds respectively, from above downward. 
The group of three circles indicates the result when the three are shifted downward so that the 
middle one coincides with the original datum plotted on the curve and representing Identical 
conditions. 
other three. Each group of three short horizontal lines shows 
the corresponding values from the time series for 75, 170 and 
300 ø respectively, from above downward. The middle line 
of the three in each group (for 170¢) should, of course, 
check with the corresponding datum from the size-contrast 
set, and does check satisfactorily in four cases out of the six, 
as shown by the relation of the middle line to the middle 

3 In Figs. 3 to 7, inclusive, the numerals give the actual values of the desig- 
nated quantities, which are logarithmically plotted throughout. 
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one of the three circles. The reason for the two discrepant 
values has not been determined. Both occur at the 1 ml. 
brightness-level, and are part of the last portion of the work 
done. In any event, the data show consistently the variation 
to be expected as the duration of exposure is changed between 
75 and 300 ø. The three small circles represent the same 
data, shifted vertically in the plot until the middle one 
coincides with the value obtained in the size-contrast set. 

What is especially to be noted is the nearly parallel 
course of the two size-contrast curves for 100 and 20 ml., 
and the fact that for 1 ml. brightness-level the curve departs 
rather widely from the other two in the high-contrast, small- 
size region (upper left of the plot), ‘while approaching the 
others rather closely at the other end, which represents -the 
larger, low-contrast phase of vision, in which the perception 
of small brightness-differences is more important than the 
resolution of fine detail in the object. The significance of 
this will become clearer as the other figures are considered. 
In passing it may be remarked that for a small, high-contrast 
object, a tenfold change in brightness is offset by nearly 
equal factors in visual angle or in contrast, over the whole 
range between I and 100 ml. Thus, by scaling from the 
plot, it appears that a drop in brightness, either from 100 to 
10 ml., or from 10 to I ml., is offset by an increase in visual 
angle by a factor of about 1.45, or by a factor of about 2.3 
in contrast. This is only true in the region toward the left 
of the plot, for objects having visual angles of 1’ to 2’, and 
seen in contrasts of 10 to 50 per cent. according to circum- 
stances. On the other hand, with objects of 5’ to 16’ visual 
angle, and seen in contrasts of 2 per cent., more or less, the 
equivalent factor in visual angle is greater in dropping from 
100 to 10 ml. than in the step-down from 10 to I ml. The 
two factors are here 2.1 and 1.45. The corresponding factors 
in contrast are 1.5 and 1.3 for this region. 

It is to be noted here, that since any object is visible by 
reason of the fact that its brightness (light-intensity) is more 
or less different from that of its immediate background, there 
are necessarily not less than two photometric variables 
involved in any visible object. In the present case, the 
object is the less of the two, that is, it is darker than its 
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background, and it is either very small in extent, or only 
very slightly darker than the ground. The latter may then 
be considered as representing the brightness-level (or general 
intensity) to which the eye is exposed and adapted, and is so 
considered here. Instead of specifying the brightness of the 
object itself as the second intensity-variable, it has been 
found convenient to specify it as implied in the percentage 
contrast, which is the brightness-difference between the 
ground and the object referred to the former as the base. 
The brightness of ground and the brightness of object are 
therefore completely stated by implication in the two varia- 
bles used:—percentage brightness-difference or contrast; and 
brightness-level. The former already appears as the ordinate 
in Fig. 3, while the different brightness-levels are indicated 
by the three separate curves. These three may be imagined 
as plotted in different planes in the third (depth) dimension 
in which case (using logarithm of brightness-level as the 
corresponding coördinate) the plot comes to look like the 


FIG. 4a. FIG. 4b. 


_ The general form of the surface in which lie the data for 0.170 sec. exposure-time. a, indi- 
cating the relation to the whole of the curves of Fig. 5. b, the same, Fig. 6. 


solid figure represented by (full and) broken lines in Figs. 
4a and 4b, the curved surface of which represents the threshold 
condition for vision in terms of three variables:—visual 
angle (left to right), percentage contrast (vertically) and 
brightness-level (from behind forward), for a constant time 
of exposure of 170¢. This surface can be conceived as 
raised or lowered, as the time is decreased to 75 ø or increased 
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to 300 ø, to the extent indicated by the corresponding data 
stated in Tables IV and V, and plotted in Fig. 3. 


FIG. 5. 
“TT. 
epoHelS 
5 5 ie — ee} 
=° ie Oe | 
d 5 ; 
i ie 
z 2 A Di e 
Ba 
B = 
5 E 
l 2 5 IO 20 60 100 
BRIGHTNESS, ml. 


The visual angle-brightness relation for various grades of contrast between the test-object 
and its ground. Exposure-time 0.170 sec. 


In Fig. 5, the angular size of the test-object is plotted, 
against brightness-level as the abscissa, with separate curves 
for various grades of contrast. The values plotted are 
graphically interpolated from Fig. 3, and the separate curves 
are successive horizontal sections of the curved surface, 
projected on the horizontal plane, of which the extreme ones 
are shown in Fig. 4a in solid lines. The marked curvature 
shown in the plot for the contrast-values of 2 and 3 per cent. 
as opposed to the comparative straightness of the other 
curves, corresponds to the deviation of the curve for I ml. 
brightness referred to in discussing Fig. 3. 
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In Fig. 6, the original data are again plotted with bright- 
ness-level as the abscissa. The ordinates are the mean 
contrast values of Tables I, II, and III, and a separate 
curve is plotted for each size of test-object used. Here the 
curves are to be looked upon as vertical sections of the 
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Contrast-brightness relation for objects seen under various visual angles. Exposure-time 
0.170 sec. 
surface, as indicated in Fig. 4b, parallel to and projected on 
the CB plane. Corresponding to the deviation of the 1 ml. 
curve of Fig. 3 from the other two, we note again from 
Fig. 6 that the curves for the 8’ and the 16’ test-object 
curve strongly downward, while the other curves are not far 
from straight. 

The range of time used, 75 to 3000, was selected as 
representing what previous work has shown to be about the 
normal range of pause in the eye-movements in the familiar 
operation of reading, in which the eyes move rather rapidly 
and do not linger unduly in fixation upon any point. The 
aim has been to extend the range of the other three variables 
of the visual object, contrast, size and brightness-level, and 
to establish their relationships beyond the range used in 
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any prior work. All of these variables have been investigated 
in their various phases, sometimes over wide ranges, as for 
example, the work of Koenig on visual acuity and on bright- 
ness discrimination. Other earlier work has largely been 
comparatively fragmentary, extending over restricted ranges 
only, and has been done with various techniques which make 
the results non-intercomparable. The intermediate gaps have 
never been filled, nor the whole result stated as a function of 
three or more variables. 

The variations in the size of the visual object, with vari- 
ations in contrast and brightness-level, depend upon more 
than one physiological factor. First to be considered is the 
geometric fidelity of the retinal image to the object from 
which it arises. This depends upon the perfectness of the 
refractive apparatus of the eye, in more ways than one. 
The irregularities of the refracting surfaces, their so-called 
spherical aberration, and the chromatic errors of the eye play 
a part. The size of the pupillary aperture, which is un- 
doubtedly different at different brightness-levels, works in 
two ways: a larger pupil admits the refractive errors of the 
eye to a greater degree of effectiveness; while, on the other 
hand, a smaller pupil tends to blur the retinal image by 
reason of diffraction at the pupillary margin. One of the 
authors has been able to show, however, that with eyes of 
normal refractive power, these opposing tendencies just about 
balance each other, so that the acuity of vision is just about 
constant, provided the pupillary diameter remains within a 
range of 2.5 to 4 mm. as observed from the exterior of the 
eye. As that range represents the usual diameter of the 
pupil, under ordinary working intensities of light, it is doubtful 
if we need look for much variation from this cause, except 
that the pupil tends somewhat, by its variations, to counteract 
the differences in brightness-level. 

At any rate, the degree of blurring of a retinal image 
which still permits an object to be seen in details separated 
by as little as one minute of visual angle, must become less 
and less significant as the extent of the object is increased, 
up to sixteen times this. In this region a different effect 
comes into play, namely, the interaction of the retinal end- 
organs. The fact that decreased brightness-difference may 
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be compensated by increased size of the retinal image may 
no longer be explained by the hypothesis that the image is 
becoming relatively better defined, as in the case of the 
smallest objects. It is rather to be supposed that the retinal 
elements reinforce one another, so that the participation of a 
larger number, as the area increases, accomplishes the same 
result as before with a smaller stimulation of each element. 
Such reinforcement could be said to fail completely, if a 
point were reached at which further increase in the size of 
the object failed to decrease the contrast necessary for the 
threshold; but this condition was never reached within the 
limits of the present experimental range. 


Recarive ENERGY 


Minutes Visual ANGLE 


Energy of the test-object at the threshold, relative to brightness-level, at the three brightness 
levels used. Exposure-time 0.170 sec. 


The relative energies involved at the threshold values of 
the stimulus are indicated in Fig. 7. The energy is negative, 
it is to be remarked, since the stimulus is of lower brightness 
than the field as a whole, and in each curve, the unit plotted 
is the energy received by the eye, during the exposure time 
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of 0.170 seconds, from a square element of the background 
subtending I minute angle at the eye, and having the bright- 
ness of the screen. The minima of energy estimated from 
the curves in the figure, for 1, 20 and 100 ml. brightness- 
level, occur when the visual angle subtended by the object 
is 2.2, 1.8, and 1.3 minutes respectively, and are 1.00, 0.37 
and 0.21 units referred to the respective brightness-levels 
as just indicated. When referred to a screen brightness of 
I ml. as the unit, these values become 1.00, 7.4 and 21 units 
respectively. Thus the minimal energy-value at 100 ml. is 
21 times that at I ml., although relatively to the brightness 
to which the eye is attuned it is only 1/5 as great at the 
higher level as it is at the lower. 


SUM MARY. 


1. There are at least four variables which enter into the 
description of any visual object. Essentially, two of these 
are photometric, the brightness of the object and that of its 
ground respectively. The third is the size of the object, 
expressed in visual angle, and the fourth is the time during 
which the image of the object acts upon the retina. 

2. These may conveniently be expressed as: (a) the 
brightness-level, closely approximated by the brightness of 
the background upon which a darker object is exposed when 
at its threshold value; (b) the contrast-ratio, which is the 
ratio of the difference between these two, to the background- 
brightness; (c) the visual angle under which the object is 
seen and (d) the exposure-time. 

3. The aim of this work has been to investigate the 
interrelations of these, by a uniform method over wider 
ranges than has previously been done. 

4. In general, within the limits of 1 to 100 ml. brightness, 
0.8 to 16.0 minutes visual angle and 0.075 to 0.300 seconds 
exposure-time, measurements of the contrast-ratio necessary 
for vision at the threshold indicate that these four variables 
are mutually complementary; that is, a deficiency in one 
may be compensated by the augmentation of one or more of 
the other three. 

5. The comparatively small advantage of increased bright- 
ness in the vision of large, low-contrast objects, obtained by 
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passing from I to 10 ml., would suggest that the optimum 
brightness for this phase of vision lies at a higher level than 
for the vision of small, high-contrast objects. 

6. Taking the size (visual angle) of the test-stimulus into 
account, and the contrast-ratio, it is possible to compute 
relative energy values for the different conditions. At each 
of the three brightness-levels investigated, it was found that 
the energy-value passed through a minimum. At 1, 20 and 
100 ml. respectively, the minimum occurred when the visual 
angle was 2.2, 1.8 and 1.3 minutes. The minimum energy 
is much greater at the higher brightness-levels, but by no 
means in proportion. 
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Field Operations of the Department of Terrestrial Magnetism, 
Carnegie Institution of Washington, for the year 1926-27. For 
the year closing June 30, 1927, the land-survey work was limited 
to what a single observer in Africa could do in addition to the 
utilization of opportunities afforded by codperating organizations. 
About July 1, 1926, was finished the campaign of taking observa- 
tions again in a series of repeat-stations in the western continent 
south of the United States. By this means data were secured on 
secular and diurnal variation of the magnetic elements. A similar 
resurvey was undertaken for Africa. Here the conditions of travel 
have improved since the Department began its work in 1908, yet 
delays are still frequent and speeds are small. ‘‘ By the end of 
June 1927 repeat stations had been reoccupied along the coast of 
western Africa from Morocco to the mouth of the Congo River, and 
along such routes to the interior as were available. Among the 
latter may be mentioned the Senegal River, the Niger River from 
its source through French Soudan to Cotonou in Dahomey, the 
Benue River from Garoua in Cameroun to its junction with the 
Niger River, across northern Nigeria from Kano to Fort Lamy on 
Lake Tchad, and through French Equatorial Africa and Belgian 
Congo from Fort Lamy to Boma.” Mr. J. E. Sanders, the observer, 
must have passed an interesting year with his attention directed 
at one time to the getting of observations at a place on the magnetic 
equator when the sun passed near the zenith and at another to the 
unfavorable weather conditions on the Ivory Coast or to his 
.dwindling stock of supplies. 

G. F. S. 
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ABSTRACT. 


The essential engineering features of aircraft radio and associated difficulties 
are discussed. Solutions to these problems are given although. no attempt has 
been made to describe particular equipment. Two outstanding radio aids to 
aerial navigation are discussed and a new method described whereby these may 
be made to operate a visual indicator in such a way that it will not only tell the 
pilot whether he is off his course but which way he is off. A heterodyne beacon 
having certain remarkable directional properties is described. 


THE advent of the modern aircraft with its relatively 
long cruising range emphasizes the present necessity for radio 
communication and direction finding, particularly when the 
plane is handicapped by adverse weather conditions. Radio 
now plays, and will continue to play, a major rôle in the 
development of commercial and military aviation since by its 
very nature it is able to provide the pilot with valuable 
information relating to facts exterior to his plane. Until 
within the last two years but comparatively little cross 
country flying had taken place and many of the present 
pilots object to the use of radio principally on the ground 
that it is just another instrument that requires attention. 
Moreover, many pilots feel that a ship equipped with radio 
direction finding apparatus is a reflection on their ability as 
a pilot. This is probably the greatest handicap of aircraft 
radio today, for the pilots by the very nature of their calling 
are a race of optimists and if they get into trouble it is always 
a “rear end collision’! This handicap will clear away of 
itself within a few years, for radio will offer so much infor- 
mation and mental comfort to the pilot that any preconceived 
notions he may have had will completely vanish. 

The satisfactory operation of radio apparatus on aircraft 
is fraught with difficulties; human, mechanical, electrical. 
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The major portion of commercial flights are made with only 
one man, who must pilot the ship, nurse it mechanically, 
navigate it and operate the radio. In some cases this works 
a real hardship on a pilot for he really is a busy man if the 
air is rough. The additional job of transcribing dots and 
dashes into intelligence and operating the necessary apparatus 
may well be too much to expect of a human being. The 
human being, moreover, becomes fatigued mentally very 
rapidly due to the incessant din of the engines and after a 
few hours any mental work not of second nature is nearly 
impossible. All this brings out the necessity for striving 
toward the greatest simplicity of operation possible. No 
controls should be incorporated in the radio equipment save 
a minimum number of switches and perhaps one adjustment 
if this is absolutely necessary. Complicated equipment is 
worse than useless, in particular if it needs attention in the air. 

It is the purpose of this paper to point out the major 
technical features of aircraft radio and indicate so far as 
possible how the major difficulties may be overcome. No 
attempt will be made to discuss the radio equipment itself 
at this time. 

ANTENNA SYSTEM. 

The preferred antenna on aircraft is the so-called trailing 
wire antenna. This type of antenna has an advantage over 
fixed antenna in that the antenna resistance is for the most 
part radiation resistance. Moreover, the length of the 
antenna is readily changed by reeling in or out the antenna, 
thus tuning this system and eliminating one tuned circuit in 
the transmitter. The trailing antenna is usually worked 
against the bonded metal framework of the aircraft which 
serves as the counterpoise or “‘ground.”’ This, in general, 
is formed by bonding all metal parts of the ship together and 
even providing conductors throughout the wing sections 
should these happen to be made of wood and fabric. It is 
doubly necessary to install the bonding well and carefully for 
not only does this improve the effectiveness of the antenna 
system but is the best fire insurance possible since this 
precludes sparking at points where gasoline vapor is liable 
to be found. The gases discharged from the exhaust of the 
engine are highly charged so the aircraft is constantly accumu- 
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lating a charge of opposite sign to that of the exhaust gases 
which on contact with a properly charged cloud may cause 
small sparks which make their presence known by a peculiar 
type of “static.” 

One of the major disadvantages of the trailing wire 
antenna has been that it constantly swings and thus its 
apparent capacity changes constantly. In the earlier days 
of the spark this constant swinging was not a problem but 
with the advent of C.W. it becomes a real difficulty. If a 
self-oscillating transmitter or receiver is used which is coupled 
directly to the antenna it is obvious that a shift in antenna 
capacity (due to swinging) will alter the frequency of the 
oscillator thus shifting the beat note about and making it 
nearly impossible to read. This difficulty has led to the 
rather wide adoption of I.C.W. on aircraft since a certain 
amount of periodic detuning can be tolerated. There is no 
fundamental reason for this procedure, however, since the 
difficulty may easily be eliminated in the transmitter by the 
use of a master oscillator operating into a properly balanced 
power amplifier, which in turn feeds the antenna. A correct 
balance of the power amplifier ensures no reaction of the 
plate or output circuit on the grid or master oscillator circuit. 
The difhculty in the receiver is overcome by the use of a 
coupling tube which effectively cuts out the reaction of the 
antenna on the local oscillator. There is no outstanding 
difficulty in the way of proper antenna installation but the 
position of the antenna reel and fair lead should be so placed 
that there is little localized capacity between these elements 
and the frame of the ship. 


DIRECTIONAL PROPERTIES. 


The peculiar physical arrangement of the trailing wire 
antenna in conjunction with the metal parts of the ship used 
as a counterpoise gives rise to certain directional character- 
istics. In general transmission and reception are accom- 
plished most easily in a forward direction whereas if a radio 
compass bearing be taken on an aircraft flying at high altitude 
the apparent bearing is to the rear of the true plane position. 
This deviation is unimportant so long as the aircraft altitude 
is less than 2,000 ft. and may be corrected for if its altitude 
is known. 
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POWER SOURCE. 


Air fans for driving radio generators are now available 
that have excellent regulation and load characteristics but 
these are usually attached to a generator far larger than 
necessary. It must be remembered that an air driven 
generator is located in a blast of cold air traveling at least 
80 miles per hour and since the rating of a machine is limited 
only by the amount of heat that can be dissipated it would 
appear that if suitable ventilating ducts were provided the 
power output per pound of our present generators could be 
quadrupled. 

Air driven generators offer the advantage of operating in 
a glide should the engine fail but it should be pointed out 
that for every pound of head resistance offered by a generator 
fan about 7 pounds is lost in pay load so that even in a small 
installation the loss in pay load may amount to 60 pounds. 

By directly connecting the generator to the engine the 
advantage of radio operation during gliding periods is lost 
but the head resistance is reduced to nil and the pay load 
only reduced by the weight of the generator. A careful 
consideration of these facts seem to indicate that modern 
tendencies may be incorrect and need revision. 


RADIO TRANSMITTER AND RECEIVERS. 


A discussion of this phase of the subject at the present 
time is impossible and will be dismissed with a statement of 
the major requirements which must be met. 

By far the most important requirement of aircraft equip- 
ment is simplicity in operation. If radio in aircraft is to 
rapidly come into its own the operation of the equipment 
must be made easy. More than one adjustment in either the 
transmitter or receiver cannot be tolerated. The apparatus 
must be light yet rugged; the volume taken up must be small 
yet the equipment must be electrically efficient. Vibration 
effects must be reduced to a minimum and the effect of the 
swinging antenna on the frequency of the transmitter or 
receiver must be nil. A satisfactory aircraft design requires 
the highest type of radio skill and more attention must be 
paid to the special requirements in the future. 
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IGNITION INTERFERENCE. 


By far the greatest difficulty encountered in aircraft 
work is interference from ignition apparatus. This inter- 
ference is continuous and often so great that the tubes are 
at least partially paralyzed. No simple solution save that 
of complete shielding is possible. Complete shielding of 
magnetos, leads and plugs together with any switch leads 
from the magneto will solve this difficult problem but there 
is much inertia to be overcome among engine builders and 
aircraft designers so this particular solution is probably a few 
years distant. Various makeshift cures have been devised, 
all based on the idea that if oscillations in the lead wires 
were suppressed, the desired result would be accomplished. 
As a matter of fact none of them succeed in doing this and 
even if they should, the problem would not be solved since 
the pulse sent out by the magneto shock excites any oscillating 
Circuit in the vicinity and one is as nearly as bad off as 
one was originally. The pulse sent out by the magneto acts 
much like static and it is therefore obvious that attempts to 
shield the receiver are foolish and show a failure to understand 
the underlying action. Not much gain is made by partial 
shielding so that unless a complete job is done it seems 
to be a waste of time. 

Experience shows that ignition interference for a given 
type of installation cannot be foretold. Apparently, very 
poor ignition installations which to all appearances, should 
produce a great deal of interference are comparatively quiet 
while others are noisy. In some cases interference or excessive 
static clicks have been traced to true static sparks on the 
ship caused by the charging up of the ship due to the ionized 
exhaust gases. | 

Surprisingly enough the noise level on an aircraft in the 
average unshielded installation is so high that ordinary static 
is very seldom troublesome. The reason for this is that 
electrical noise level and engine din are so great that no 
signal less than approximately I volt applied to the phones 
is capable of being continuously read. Few static clicks 
exceed this limit unless the plane is very near the storm. 
The real limitation on reception at the present time therefore 
is the limitation imposed by the ignition. When C.W. or 
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I.C.W. of a certain predetermined frequency is made use of 


there is one method for reducing the interference to signal 
ratio which is sound theoretically and practically. This 


LF 


Tuned audio stage. 


FIG. I. 
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method, shown in Fig. I is to provide a tuned audio stage 
which will respond to the audio heterodyne beat note or the 
modulation frequency. Any single pulse from the magneto 
will not communicate sufficient energy to the audio frequency 
oscillating circuit to shock excite the tuned stage into oscil- 
lation but a series of pulses of the correct frequency (the 
incoming signal) will set it in oscillation. Thus, the signal 
due to the ignition can be made small while the incoming 
signal may be maintained. Care must be exercised to keep 
regeneration to a point where the audio amplifier will not ring, 
for in some cases transmission may be slowed up due to per- 
sistance of the signal. 

Recently an improved electro mechanical coupling device 
employing a tuned reed has been developed that has many 
valuable features not possessed by an electrically tuned unit. 
Such a coupling unit may be made extraordinarily selective 
to frequency without the attendant difficulties of electrical 
instability. These units have largely replaced the electrically 
tuned transformers indicated in the diagrams. 


DIRECTION FINDING. 


By far the most valuable use of radio on aircraft is its 
use as a direction and course finding agency. The simple coil 
radio compass and its modified form the Bellini Tosi have 
proven of great value on land and on shipboard. In the 
average airplane these methods are totally unsuitable since 
they require swinging the ship or goniometer coil till a 
minimum is located. This procedure is not practical nor is 
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it in general feasible to request compass stations on the 
ground to give the ship its position. Directional information 
must. be immediately available on the aircraft without 
recourse to transmission. To this requirement is added that 
of simplicity of operation and light equipment on the plane. 

There appear to be two general methods that satisfy the 
requirements. One is the so-called radio beacon and the 
other is a homing method making use of equisignal receiving 
system which indicates when the ship is headed for the home 
station. 

RADIO BEACON. 

The radio beacon is perhaps the better known and was 
the system used in the Hawaiian flights. The great advantage 
of this system is that no special equipment whatever is 
needed on the aircraft. A simple non-oscillating receiver 
tuned to the beacon frequency and a moderately good pair 
of ears is all that is necessary. 


FIG. 2. 
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The operation of this method in the preliminary and 
present stage depends on the physiological fact that the 
human ear is able to judge with great accuracy the equality 
of intensity of two similar tones when they are sounded 
successively and close together. In practice it has been 
found convenient to arrange the signals so that they interlock 
and if strict equality of the two signals obtain, one continuous 
signal or dash is heard. In case the intensity of one signal 
is stronger its characteristic code letter is distinguished 
against the weaker as a background. The predominance of 
one or the other informs the pilot as to which way he should 
bear to bring his ship back on the course. To accomplish 
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this result two directive systems, usually simple coil antennas 
are arranged in such a manner that the predetermined 
aircraft course lies along the radius vector of the polar energy 


EQUISIONAL ZONE 
Signal observed on plane flying perpendicular tə radius vector in Fig. 2. 


distribution curve where the change in intensity changes 
rapidly with angle. Consider the ideal as illustrated in Fig. 2. 
One directive system radiates energy into space as indicated 
by the solid polar curve. Another transmitter is adjusted to 


FIG. 4. 
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radiate as indicated by the dotted curve. A plane flying 


across the radius vector as shown would hear signals as 
indicated in Fig. 3. As the ship proceeds the signal from 
system I increases through a maximum and drops off; mean- 
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time system II is increasing and there will be some point 
“E” where the intensity of the received signals will be equal. 
This region is known as the equisignal zone and is usually 
very narrow. 

At frequencies available for beacon work in this country 
an energy distribution curve of the type shown in Fig. 2 is 
next to impossible. A simple loop system in which each 
loop makes an angle of 135° with the other is satisfactory 
for many purposes and particular installation of this type 
using two loops 60 x 240 feet and operating at 300 kcs. has 
been found quite effective. In this installation using aural 
reception and a spark transmitter the widths of the useful 
equisignal zone at 20 miles was but 75 feet while at 200 miles 
it was 3 miles. A polar energy distribution curve for this 
system is indicated in Fig. 4. It will be observed that there 
are 4 equisignal zones, 2 being very broad zones and two 
narrow useful ones. There is no particular reason for the 
selection of 135° as the angle between the loops but experience 
has shown that this is a good engineering compromise between 
a narrow equisignal zone and a strong signal. It is obvious 
that the nearer one works the equisignal zone to the minimum 
of the loop the sharper the signal, the price of an excessively 
sharp zone being a weak signal. | 

The loops used on the Hawaiian flights were effectively 
at an angle of 120° and the navigators of the successful 
flights report the width of the equisignal zone to be 33 
miles in mid ocean using a 2kw. tube transmitter. The 
navigators were loud in their praise of the radio beacon 
and state it was the greatest single aid they had on the 
expedition. The sharp zone at 1,000 miles making use of a 
120° angle was most remarkable and may be attributed for 
the most part to the use of C.W. and a heterodyne receiver 
which would be expected to sharpen the equisignal zone. 
It is unfortunate that these systems are bidirectional and an 
180° error therefore possible. This diffculty has been over- 
come by combining an antenna effect with the loop effect 
and shifting the angle of the two directive systems so that 
they are approximately 90° apart instead of 135°. This is 
shown clearly in Fig. 5 and offers many advantages. A 
system of this type has been tried out which was capable of 
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rotation and it proved to be a possible and practical extension 
of the usual equisignal scheme. 

Any of the systems just discussed may be adapted to a 
visual indication scheme in place of aural methods. Some 
sacrifice in range must be expected since the operation of the 


FIG. 5. 
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device near the noise and ignition level will necessarily be 
more erratic than the human ear. Such an indicator has 
been developed recently. The transmitter is so modified 
that a directional radiator is supplied with modulated high 
frequency of some convenient low audible frequency. The 
companion directional radiator is supplied with high fre- 
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quency modulated at some other low audio frequency not too 
near the original in frequency and not a harmonic of it. 
On the aircraft a simple non-oscillating receiver is used to the 
amplifiers of which are connected in series two audio tuned 
coupling units as previously described. The secondaries of 
these coupling units lead to the grids of two vacuum tubes 
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incorporated into a bridge circuit as shown in Fig. 6. The 
indicator ‘‘ M” is a sensitive D.C. microammeter with a zero 
center. To operate the device the antenna is disconnected 
and the bridge balanced, bringing the indicating microam- 
meter to the center of the scale, by properly adjusting the 
bias on the bridge tubes. The bias on the bridge tubes is 
usually maintained quite large since the deflection of the 
indicator depends on the curvature of the characteristic at 
the point of operation, when an A.C. is applied to the grid. 
The operation of the system is as follows. The H.F. carrier 
is received and rectified by the detector as usual and the 
A.C. modulation frequencies amplified by the audio frequency 
amplifier. This is fed into the two tuned coupling units which 
exercise a selective frequency action impressing an A.C. on 
the grid of the bridge tubes the amplitude of which depending 
on the amplitude of the received modulation frequencies. 
On the equisignal zone the potential impressed on the grids 
of the bridge tubes are the same substantially and the balance 
of the bridge is undisturbed provided tubes of nearly the 
same characteristics are selected. However, if one modulated 
frequency becomes greater in amplitude the potentials on the 
grids change and the bridge is unbalanced causing the indi- 
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cator to move one way whereas if the other modulated 
frequency predominates the bridge will be unbalanced the 
other way causing a reverse deflection. To an observer in 
the plane the indicator can be arranged therefore to indicate 
center when on the course and right or left when off the 
course to right or left. It is obvious that the situation is 
reversed going away from the beacon. The system may be 
extended to a red, white and green light system by the 
addition of a few contacts to the indicator or in the not 
distant future actually operate the rudder and thus steer 
the ship just as surely as if the radio wave were a steel rail. 
The advantage of this new system is that the additional 
equipment is light, rugged and difficult to get out of order. 
It is very sensitive and with moderate power input compares 
favorably in range with aural methods. This system can of 
course be extended to the case of a rotating equisignal device 
and the time from a non-directional reference signal to the 
time that the indicator goes through zero gives the azimuth 
of the plane from the station provided of course that the 
period of rotation is known. 

There is much to be said for the beacon system since it is 
exceptionally simple in operation in the aircraft. The ground 
equipment is relatively simple and should require no special 
attention. Recent tests of the Bureau of Standards have 
shown that at night the equisignal zone over mountainous 
country jumps around. This is very unfortunate but there 
is reason to believe that this variation will be very small 
over level country and over water. 


HOMING BEACON. 


A homing indicator has been developed recently which 
appears to have considerable application at the present time. 
This device serves only as a homing device and will keep 
aircraft headed always toward some fixed non-directive radio 
station such as a broadcast station provided the indications 
of the meter are followed. By listening in on the set the 
pilot can pick up the broadcast or other station located in the 
city to which he wishes to fly. The indicator will then guide 
him toward the station selected. This system in common 
with the radio beacon not only tells the pilot when he is 
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headed for his goal but also tells him which way he is off 
his course. This latter consideration is of some importance 
since constantly swinging a plane to determine which side 
of a minimum or maximum one is flying, is a great trouble 
and few pilots will go to the extra trouble unless they are 
actually lost. 

The homing system makes use of two crossed loops or 
other directional absorbers working into a double amplifier 


FIG. 7. 


LEFT WING LOOP N PIGHT WING LOOP 


and bridge arrangement. The two loops usually make an 
angle of about 135° with each other, much as in the beacon 
just described. The loops may be mounted one on either 
wing, the leading edge usually being outward in order to keep 
ignition difficulties toa minimum. The operation of this system 
is not greatly different from that described under the indicating 
beacon. The electrical connections are given in Fig. 7. 
The two loops are tuned simultaneously to the incoming 
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wave by the variable condenser. Each loop feeds into a 
radio frequency amplifier which in turn feeds in the bridge 
arrangement. It will be noted that the rectification of the 
high frequency controls the plate current of the bridge tubes 
and not the audio frequency as before. An inspection of the 
set up shows that both loops are operating well off their 
maximum and when the plane is pointing toward the trans- 
mitter swinging to the left increases the voltage impressed on 
the right coil and decreases the voltage impressed on the left 
coil. This shift causes the bridge balance to be upset and 
the appropriate indication takes place. Ignition difficulties 
may occur with this type of installation but if the ship 
structure permits the angle of the loops with respect to the 
ship can be so shifted so that the source of ignition inter- 
ference can be located on the loop minimum reducing materi- 
ally the interference and still leaving a strong signal from a 
forward direction. l 

HETERODYNE BEACON. 

The two general systems just described appear to be the 
most promising for general usage and development. Should 
greater necessity for radio navigation arise and numerous 
rotating beacons be located at suitable points so that positions 
could be obtained by simple triangulation then there is a 
third system which deserves consideration. This system 
depends on the heterodyne principle, that is, that the intensity 
of the received beat frequency depends within limits on the 
product of the intensities of the two impressed oscillations. 
It is then possible to arrange two loop systems or other 
directive radiations so that their intensity minima and 
maxima are displaced in space. An arrangement of two 
crossed loops energized with high frequency differing in 
frequency by 1,000 cycles, say, yields a space distribution 
of the heterodyne beat intensity of 1,000 cycles as shown in 
the Fig. 8. The reason for the occurrence of two minima is 
that the received signal is proportional to the product of the 
two intensities then if either is reduced to zero their product 
will be zero. One of the prime requirements of this setup is 
that the two directive systems must not be coupled in any 
manner. For use in a rotating beacon the double sharp zero 
signal on either side of a narrow maxima is precisely the 
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type of variation most suitable for timing. As has been 
indicated the procedure with this type of rotating beacon is 
to send out a non-directional timing signal when the sharp 
maxima is directed north. At this instant the directive 


Fic. 8. 
vg 


I 


Space distrihution of 1000 cycle beat note. 


system is rotated clockwise at such a speed that it makes 
one revolution per minute. The observer starts a stop 
watch or other device on hearing the timing signal and then 
listens for the first sharp maxima at which time he stops the 
watch. The angle through which the hand has moved gives 
the azimuth of the observer from the transmitter. This 
may be in 180° error and it is essential to know the general 
direction of the station from the observer. This chance for 
error may be eliminated by combining an antenna with each 
loop. So far this has not been done and it is not known what 
difficulties may be encountered. Certain other aspects of 
this fundamental heterodyne space distribution principle are 
now under consideration. 

The possibilities of radio as applied to aircraft are un- 
limited and much remains to be done. Satisfactory commu- 
nication and position finding are accomplished facts and need 
only development and experience to make them foolproof 
and perfectly satisfactory. The systems and methods de- 
scribed in this paper should be taken as only indicative of 
the possibilities in this special field. 
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Observations on Earth Currents in Australia. Annual report 
of the Director of the Department of Terrestrial] Magnetism, Car- 
negie Institution of Washington, 1926-27. The Department main- 
tains an observatory at Watheroo in Western Australia. Here 
systematic records of the magnetic elements are made and in 
addition differences in earth potentials are registered automatically. 
From the earth currents in a east-west line only confirmation of 
previous results was obtained. ‘‘ The well-defined maximum in 
the north-south component which occurs at approximately midday 
throughout the year shows a well-defined progression in the exact 
time of the maximum, as noted by Gish and Rooney. In January 
this occurs at approximately 115 local time, and the time steadily 
grows later till June, when the peak occurs at approximately 14}. 
From June till the end of the year there is a steady retrogression in 
the time of the occurrence. There might thus be a close connection 
between this and the variation of the sun’s declination.” The 
studies made in this far distant observatory are quite likely to shed 
light on questions not closely connected with their original purpose, 
for the Director remarks: ‘‘ Another line of investigation in which 
we have been of assistance concerns the feasibility of determining 
geological formations of scientific interest and of economic value 
by means of magnetic and electric methods. The experience gained 
by Gish and Rooney in the resistivity-surveys of the soil at 
Watheroo, Western Australia, and at the Ebro Observatory, 
Tortosa, Spain, has suggested methods and furnished data of con- 


siderable interest to geophysicists and geologists.” 
G. F. S. 


NOTES FROM THE U. S. BUREAU OF STANDARDS.* 


TYPE TESTING OF COMMERCIAL AIRPLANE ENGINES. 


THE Air Commerce regulations of the Department of 
Commerce provide that all airplanes considered as airworthy 
and permitted to engage in interstate air commerce must 
contain power plants approved and rated by the Department. 
The engines first used in commercial planes were those de- 
signed and built for military purposes and these engines are 
known to be safe because they have been thoroughly tested 
by the Army or the Navy. However, many aviation engines 
are now being built which are intended primarily for com- 
mercial rather than for military use and each new type of 
commercial airplane engine must pass certain tests before it 
can be certified as airworthy by the Director of Commercial 
Aeronautics. 

These type tests are made at the Bureau of Standards or, 
in exceptional cases, at the manufacturer’s plant under the 
supervision of engineers from the Bureau. Before it will be 
accepted for test the engine must have been run by the manu- 
facturer for at least 25 hours and a log of this run must be 
submitted with the engine. The Department’s present test 
requirements include (1) a 50-hour endurance test to be run 
in 10 five-hour periods, (2) full-throttle runs to determine the 
power developed at speeds ranging from 75 to I10 per cent. 
of normal speed, and (3) an actual service test of the engine 
installed in an airplane. As the engines thus far submitted 
are air-cooled, they have been mounted on a torque stand 
for the endurance test and power runs. Suitably designed 
propellers absorb the power and at the same time produce 
sufficient airblast to cool the cylinders. As soon as the neces- 
sary equipment can be installed these tests will be made in 
the laboratory; using an electric dynamometer to absorb the 
power and an 80 horsepower blower to supply the high- 
velocity air-stream required to cool the engine. 

The following fixed radial air-cooled airplane engines have 
been tested or are now under test: i 


* Communicated by the Director. 
865 


866 U. S. BUREAU oF STANDARDS NOTES. [J-F T: 


Warner 7-cylinder of Detroit, Michigan. 
Kinner 5-cylinder of Glendale, California. 
Comet 7-cylinder of Oakland, California. 
Szekely 3-cylinder of Holland, Michigan. 


The following fixed radial air-cooled airplane engines are 
scheduled for test during the next two months in the order 
named: 


Velie 5-cylinder of Moline, Illinois. 
Floco 7-cylinder of Los Angeles, California. 
Menasco-Salmson 9-cylinder of Beverly Hills, California. 


Each power plant is considered on its own merits and 
there are no standard requirements as to weight per horse- 
power, fuel consumption per horsepower hour or oil consump- 
tion per horsepower hour. Sound design, adequate materials, 
good workmanship, and reliable performance of the engine 
and its accessories are demanded. In accordance with Army 
and Navy practice, the endurance test consists of nine periods 
(45 hours) at rated speed and load and one period (5 hours) 
at IO per cent overload. 

Although the testing of commercial airplane engines has 
only recently been undertaken, the automotive section of the 
bureau has been studying the performance of aircraft power 
plants for over ten years. As early as 1913 an electric 
dynamometer was installed at the bureau and tests were 
made on two Reneault airplane engines for the Signal Corps 
of the United States Army. By 1917 the addition of a 400 
horsepower dynamometer had provided for the laboratory 
testing of the most powerful aircraft engines then known and 
torque stands were installed for running service and endurance 
tests of all sizes and types of engine. The first experimental 
Liberty engine was delivered at the bureau on July 3, 1917, 
just 21 days after its design was approved and was tested 
both on the dynamometer and on the torque stand. This 
engine is now on exhibition at the Smithsonian Institution. 

There was then designed and built the first complete 
laboratory for the study of aircraft engine performance under 
the conditions of temperature and pressure which exist at 
high altitudes. The Altitude Laboratory consists of a re- 
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inforced concrete room capable of withstanding an external 
pressure of a ton per square foot. This room contains 
refrigerating coils, a stand for mounting the engine, connec- 
tions for supplying metered quantities of air, fuel, oil and 
water to the engine, for taking away the exhaust gases and 
for measuring the temperatures and pressures in and about 
the engine. The engine, mounted in the chamber, is con- 
nected, by means of a shaft carried through the wall, to an 
electric dynamometer for controlling the load and measuring 
the power developed. All necessary measurements in fact 
are made by means of instruments outside the test room. 
With this equipment the pressure at the intake and the 
exhaust as well as the temperature, pressure and humidity 
of the air entering the carburetor and surrounding the engine 
are controlled. The engine can thus be run at the ground 
under the precise conditions which might be encountered at 
any altitude up to 30,000 feet and all features of its behavior 
under these conditions are accurately measured. Before this 
equipment was available, tests of the Liberty engine and of 
superchargers were made on the top of Pikes Peak although 
the equipment which could be transported by truck to the 
altitude of 14,000 feet permitted only the crudest kind of test. 

In the past ten years, all the important American-made 
water-cooled engines and several foreign makes have been 
subjected to comprehensive tests in the Altitude Laboratory 
and in many cases important defects have been discovered 
and remedied because of the ability to make very accurate 
measurements under the extreme conditions of pressure and 
temperature encountered in flight. Tests of the Liberty 12 
engine and of the Curtiss D-12 engine under ideal super- 
charging conditions (that is, with air at sea-level pressure 
supplied to the carburetor while the pressure at the exhaust 
and around the engine was reduced to correspond with that 
existing at various altitudes) were undertaken a few years 
ago at the request of the National Advisory Committee for 
Aeronautics. These tests and tests of the Curtiss D-12 
engine equipped with a geared centrifugal supercharger which 
were made for the United States Army Air Corps showed the 
need of additional exhauster and air cooling capacity. Ac- 
cordingly, larger vacuum pumps and a complete new cooling 
system have been installed. | 
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There is needed at the present time a corresponding 
Altitude Laboratory for the accurate testing of large air- 
cooled aircraft engines under the conditions encountered in 
flight. Such a laboratory will differ from the present installa- 
tion chiefly in having provision within the evacuated engine 
chamber for the circulation of air at the high velocity required 
for efficient engine cooling. 


TWENTY-FIRST NATIONAL CONFERENCE ON WEIGHTS AND 
MEASURES. 

ALTHOUGH the Bureau of Standards has no regulatory 
power it has played an important part in the movement for 
greater uniformity in weights and measures laws and regula- 
tions throughout the United States. One of the ways in 
which this has been accomplished is by holding each year at 
the Bureau a national conference composed of weights and 
measures officials from all over the country, manufacturers, 
and others interested in weights and measures matters. 

At this conference papers are presented dealing with every 
phase of weights and measures enforcement, practical solu- 
tions to common problems are worked out, and reports of 
progress are presented. The conference is always well at- 
tended, although attendance is entirely voluntary. However, 
the majority of the state governments have long recognized 
the desirability of being represented and the same applies to 
manufacturers of weighing and measuring appliances. 

The twenty-first conference will be held on May 22 to 25. 
The tentative program, which contains much of interest, is 
as follows: j 

TUESDAY, MAY 22. 


Morning Session, 10 o'clock 


Note: Sessions on this day will be held at the Bureau of 
Standards. 

Registration of delegates and guests. 

Address of the president of the conference, Dr. George K. 
Burgess, Director, Bureau of Standards. 

Reports of State delegates. 

Reports of Representatives of State associations of weights 
and measures officials. 

Luncheon at the Bureau. 
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Afternoon Session 2 o'clock 


Report of the secretary of the conference. 

Bureau of Standards investigation on transmission drive 
for taximeters; Ralph W. Smith, Bureau of Standards. 

A new scale-testing device; Warren Hem, Engineer, 
Toledo Scale Company. 

Installation of Bureau of Standards master scale; H. M. 
Roeser, Bureau of Standards. 

New equipment for testing heavy-capacity scales in New 
Jersey; Joseph G. Rogers, assistant superintendent, Depart- 
ment of Weights and Measures, State of New Jersey. 

Proposed amendment to section 21a of model State law. 


WEDNESDAY, MAY 23. 
Morning Session, 10 o'clock 


Note: This session of the conference will be held at the 
House Office Building, adjacent to the Capitol. 

Hearing on H. R. 7208, ‘‘A bill to regulate and control 
the manufacture, sale, and use of weights and measures and 
weighing and measuring devices for use or used in trade and 
commerce, and for other purposes.” 

Acting under instructions from the Twentieth National 
Conference on Weights and Measures, a special conference 
committee, appointed for this purpose, secured the introduc- 
tion of this bill into the present Congress. 


Afternoon Session, 2 o'clock 


Note: This session of the conference will be held in the 
roth floor ball room of the Raleigh Hotel, Pennsylvania 
Avenue at 12th Street. 

Supervision of gas and electric meters in Texas; W. T. 
Henrichson, meter inspector, division of weights and measures, 
State of Texas. 

Some comments on cooperation among weights and meas- 
ures officials; J. H. Meek, director, division of markets, State 
of Virginia. — 

Promotion of interest in weights and measures supervision 
by essay contests among school children; James J. Dawson, 
inspector of standards, State of Massachusetts. 

VoL. 205, No. 1230—59 
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A periodical on weights and measures by the sealers’ 
association; A. W. Corwin, sealer of weights and measures, 
County of Allegany, New York, and editor, Weights and 
Measures News. | 

Report of special committee on constitution and by-laws. 

General consideration of subjects of interest and questions 
brought up for discussion by city and county officials. 

At this time officials should bring before the conference 
for consideration all subjects of interest to them not elsewhere 
listed on the program. 

All officials are urged to participate in these discussions 
in order to make them of maximum value. 

Appointment of committees. 


THurRSDAY, MAY 24. 
Morning Session, 10 o'clock 


Note: Sessions on this day will be held at the Bureau of 
Standards. 

Weights and measures aspects of chain-store operation; 
A representative of The Great Atlantic and Pacific Tea 
Company. 

Report of Committee on Specifications and Tolerances on 
Specifications and Tolerances for Grease-Dispensing Devices. 

Address, Hon. Herbert Hoover, Secretary of Commerce. 

The business man and the weights and measures official; 
Edward L. Greene, general manager, National Better Business 
Bureau, Inc. 

The development of industry; A. Bousfield, chief engineer, 
E. & T. Fairbanks & Company. : 

Official photograph. 

Luncheon at the Bureau. 


Afternoon Session, 2 o'clock 


Testing of gasoline meters in the field; William Foster, 
sealer of weights and measures, City of Springfield, Mass.; 
Theo. A. Seraphin, district supervisor of weights and meas- 
ures, city and county of Philadelphia, Pa.; John H. Stephen- 
son, sealer of weights and measures, City of Rochester, N. Y. 

Testing of gasoline meters in the factory (several manu- 
facturers of gasoline meters will speak on this subject). 
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Report of committee on specifications and tolerances on the 
specifications and tolerances for liquid-measuring devices 
tentatively adopted in 1927. 

Report of committee on specifications and tolerances on 
the tentative specifications and tolerances for lubricating-oil 
bottles. 

FRIDAY, MAY 25. 


Morning Session, 9:30 o'clock 


Note: This session of the conference will be held in the 
1oth floor ball room of the Raleigh Hotel, Pennsylvania 
Avenue at 12th Street. f 

Report of committee on specifications and tolerances on 
minor changes in codes of specifications and tolerances 
formerly adopted. 

Flood conditions as affecting weights and measures officials 
in New England; H. N. Davis, deputy commissioner of 
weights and measures, State of Vermont. 

Citation by weights and measures officials of important 
court decisions in their jurisdictions. 

Notes on digest of weights and measures cases; William 
Parry, Bureau of Standards. 

Report of committee on nominations, and election of 
officers. 

Report of committee on resolutions. 

Report of treasurer. 

Unfinished business. 

New business. 

Suggestions for program of 22d conference. 

12:30 P.M. Reception by the President of the United 
States. 

Arrangements for this number are in progress, and it is 
anticipated that the delegates and guests will be given the 
opportunity at this time to pay their respects to President 
Coolidge at the White House. 


FIRE TESTS OF RECORD ROOM OCCUPANCY WITH METAL SHELVING. 


AS a means of obtaining information on the severity of 
fires in buildings, a number of burning out tests have been 
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made at the Bureau of Standards in one-story fire resistive 
buildings constructed for this purpose, the contents simulating 
light commercial or office occupancy. Notes relative to some 
of the later tests were published in Technical News Bulletins 
Nos. 114 and 116 (October and December, 1926). As a 
result of these tests it was found that there should be no 
difficulty in constructing buildings to resist such fires as 
ordinarily occur in occupancies employing mainly desks and 
filing cabinets, in which the weight of combustible matenals 
(including the wood top floor present in some of the tests) 
amounts to from 10 to 20 lbs./sq. ft. of room area. With 
larger concentrations of combustible materials, such as in the 
record and library rooms often found in office buildings, fires 
of considerably greater severity can occur, as was shown in 
several tests with records on wood shelving giving total com- 
bustible contents of 49 to 59 pounds per square foot of floor 
area. This condition requires heavier protections than the 
rest of the building and inasmuch as these concentrations 
may be placed anywhere within the building the general 
design would have to take them into account. The tests with 
metal shelving, which conclude the work with office occu- 
pancy, were undertaken to determine to what extent the fire 
severity from these concentrations can be reduced. 

In the first tests, metal shelving representative of several 
general types was used, nearly one-half of the records being 
on “‘skeleton” type shelves having no partitions or backs. 
Others had partitions but no backs or backs without parti- 
tions, and one 29-foot single row had both partitions and backs 
with doors on two 3-foot bays. All shelving was 8 feet 3 
inches high with 5 or 6 shelves, the weight of records in the 
15 by 29 foot room being 21,330 Ibs. in all of these tests or 
about 49 lbs. per square foot of floor area. No wood top floor 
was present in any of the tests with record room occupancy. 
The fire test was started with a waste paper basket fire in 
front of a single depth bay open at the front but with metal 
back and partitions. The window shutters were opened to 
give the air supply deemed most favorable for fire spread but 
no general fire condition resulted, the fire when put out at 
7 hours 20 minutes, being confined to two 3-foot wide bays 
with some charred or glowing papers in a cupboard adjacent 
to one of them. 
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The affected paper was replaced and two fires were started 
in piles of waste paper on the floor, one in front of shelving 
similar to that in the first trial and the other in front of a 
double depth ‘‘skeleton’’ row. The fire progressed more 
rapidly than in the first test, particularly in the open shelving 
and at the end of 13 hours the whole room was involved. 
Collapse of skeleton type shelving began at this time and 
eventually involved all of the shelving that did not have 
partitions. All combustible contents of the room were com- 
pletely consumed, the equivalent duration of the fire being, 
however, less by 25 to 30 per cent. than obtained in previous 
tests with wood shelving and an equal amount of records. 

The room was fitted with new shelving, mainly of the 
backed and partitioned type with doors every third bay. 
Three double bays of well braced skeleton type shelving were 
also included. One test with a slow start for the fire, made 
in a manner similar to that of the first test described above, 
progressed laterally through a 3-foot wide cupboard section 
and another 3-foot wide section with open front in 20 hours, 
but no general fire spread resulted. A second fire in front 
of a double-depth open front, backed and partitioned bay 
spread through a closed front section on each side and involved 
the whole 18-foot wide stack in about 93 hours. In this test 
the window shutters were kept at the lowest opening, and 
while this retarded the fire at some stages it enabled room 
temperatures to be built up high enough to cause general fire 
spread at 133 hours. | 

The room was reloaded for tests with “exposure”’ start 
for the fire. This condition was approximated by starting a 
fire in oil-soaked wood kindling filling a grate about 3 feet in 
diameter and 7 feet high. A shield around it was withdrawn 
when the kindling was burning freely, the resulting air tem- 
peratures in most portions of the room being about the 
ignition point of paper for 10 to 15 minutes. While fires 
started at many points they did not progress and at 2 hours 
the average room temperature was below 100° C. Similar 
results were obtained in a second exposure start. After one 
hour the window shutters were closed to their lowest opening 
and the fires which had started in various portions of the 
room allowed to go on until air temperatures high enough to 
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cause general fire spread were built up. This required about 
4 hours, the fire in the skeleton bays being mainly responsible 
for the relatively rapid temperature rise. The contents of the 
whole room were soon involved, the fire being quite intense 
but of shorter duration than in previous tests with record 
room occupancy. No collapse of shelving supports from fire 
exposure occurred during this test, most of the contents re- 
maining on the shelves until consumed. The equivalent 
duration of the fire, while considerably above that found in 
any of the tests with the desks and filing cabinets referred to 
above, was lower by 35 to 40 per cent. than obtained in com- 
parable tests with an equal amount of records on wood 
shelving. 

The results of all tests with office occupancy are being 
prepared for publication as a paper in the bureau’s technologic 
series. An outline of the tests and summary of results was 
given in a paper before the annual meeting of the Building 
Officials Conference in Detroit on April 25. 


RATE OF DEFORMATION OF CONCRETE DURING TEST IN 
COMPRESSION. 


THE rate of deformation of materials during strength test 
affects the strength values that are obtained, an increase in 
rate of deformation resulting in general in an increase in 
strength. This characteristic is apparently connected with 
the flow or the rate at which the particles of the body will 
readjust themselves to new positions during strain and is an 
entirely different phenomenon from the influence of the 
inertia of the mass of a structure which will permit a much 
higher instantaneous loading, such as will result from an 
explosion, than will be statically sustained. Tests by Abrams, 
described in Proceedings of the American Society for Testing 
Materials, Vol. XVIII, 1917, p. 364, have shown the relation 
between the strength of various concrete mixes and the 
velocity of the testing machine head, the actual deformation 
of the concrete itself not being given. 

In connection with the tests on the Santeetlah Dam 
cylinders, described in Technical News Bulletin No. 129 (Janu- 
ary, 1928) several of the 6-inch cylinders were tested with 


June, 1928.) U. S. BUREAU oF STANDARDS NOTES. 875 


plaster of Paris caps on both ends, and several were tested 
without capping, the ends having been previously ground to a 
true plane surface. The idle speed of the testing heads of the 
machines was .05 inch per minute, generally adopted as 
standard, and the requirement of A. S. T. M. specification 
C39-25. These latter machines are equipped, in accordance 
with the foregoing specification, with a spherical bearing block 
for the top of the specimen. 

The results obtained are tabulated below. Although not 
shown in the table, the rate of deformation is very slow at 
first, then increases in value, becoming practically constant 
and remaining so throughout the greater part of the test. 
This latter rate has been given in the table. Although it is 
to be expected that the rate of deformation of the concrete 
will be less than the speed of the head when the cylinder is 
capped on both ends with plaster of Paris, the large difference 
in speeds is surprising, moreover in view of the difference in 
speeds being maintained through the greater part of the test. 
The speed difference of head and rate of deformation of the 
concrete cylinder without caps is even more unexpected. 


Rate of Deformation and Testing Machine Head Speeds. 


Capacity | Cylinder Speed of Rate of Compression 
of Machine | Diam- Testing Machine of E. 
(in pounds).| eter. Head. 
in. in./min. in./ft./min. 
600,000 18 0.050 0.0019 
.0021 
7 12 .050 ù> Idle speeds. .0028 | Specimens capped 
.0035 with plaster of 
Paris on both 
200,000 6 .055 ends. 
.038 .0038 
.044 .0036 
018 0.0061) No cap. Cylinder 
O21 .0074 ground on both 
.022 .0070 ends. 


EFFECT OF BRACKETS IN REINFORCED CONCRETE RIGID FRAMES. 


THIS investigation was begun by the Emergency Fleet 
Corporation of the United States Shipping Board during the 
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World War, in order to find out how much saving in weight of 
the transverse frames of concrete ships could be effected by 
introducing brackets or haunches at the intersections of the 
members of the frames. At the close of the War the test data 
were transferred to the Bureau of Standards and a technologic 
paper giving the results of this investigation is now in press. 

Nine frames were tested. All were inverted U-frames 
hinged at the lower ends of the vertical legs. All had a span 
of 14 feet and a height of 7 feet. Three frames with no 
brackets were tested, and two each with brackets 12, 24, and 
42 inches long. The length of brackets is measured from the 
inner face of the vertical leg (or end post) toward the center 
of the frame, to the end of the bracket. The effect of brackets 
is sometimes considered as a shortening of the span. This 
investigation showed that this shortening is not constant for 
a given size of bracket, but varies also with the ratio of height 
to span of the frame. 

To determine the moments in these frames by exact 
methods is complicated and tedious but it was found that for 
a uniform load the moment at the center of the horizontal 
member is given closely enough for most design problems by 
a simple empirical equation based on an analysis of the frames. 

For the analysis of closed frames or inverted U-frames with 
legs fixed at the bottom it is shown that the vertical distance 
from the horizontal member to the point of inflection of the 
leg may be used in the same equation instead of the height 
of the freely supported U-frames. The error in the resulting 
moment is slight. The paper gives a diagram from which the 
position of the point of inflection for a large variety of frames 
may be estimated easily. 

For other than uniform and centrally concentrated load 
an analogous method of determining moments through the 
use of influence lines for the horizontal reaction is developed. 

The conclusion is drawn that the results of the tests con- 
firm the theoretical deduction that brackets can be used to 
effect a considerable saving of material and of dead weight 
in a structure. The bracket eliminates the high local stress 
found in the sharp corners of a frame; it produces a more 
uniform variation in stress along a frame, thus minimizing 
the tendency toward the formation of cracks; and it reduces 
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bond and shearing stresses at the corners of the frame. Fur- 
ther, by a careful choice of brackets the bending moment 
may be varied considerably, and thus a proper balance may 
be secured between the stresses in regions of positive and those 
of negative moments. 


MEASUREMENT OF TIME OF SET OF CALCINED GYPSUM. 


DuRING the course of a recent investigation dealing with 
the effect of various substances on the time of set of calcined 
gypsum it became necessary to develop a method for measur- 
ing the time of set which would be accurate, dependable, and 
capable of indicating very slight differences in time of set of 
different samples. l 

The Vicat needle penetration test commonly used for 
measuring this property of calcined gypsum was found not 
to be of the degree of sensitivity desired. Furthermore, this 
method gives an empirical value which gives no indication as 
to the length of time over which the reaction between calcium 
sulphate hemihydrate and water to form gypsum takes place. 
H. A. Neville (J. Phys. Chem., Vol. 30, pp. 1037—1042) has 
shown that the time required for a setting mass of calcined 
gypsum and water to reach a maximum temperature is a 
measure of the time required for completion of the reaction: 


CaSO,.4%H.20 + 1144H.O = CaSQ,.2H.0. 


Neville found his point of maximum temperature by inserting 
a thermometer in a sample of the mix which was contained 
in a paraffined cup. The cup in turn was insulated to reduce 
heat losses from conduction and radiation. However, in 
order that time-temperature rise data may be used to give 
reliable results on time of set it is necessary to measure tem- 
perature rise on samples which are kept as nearly as possible 
under adiabatic conditions, that is there must be no appre- 
ciable loss of heat from the sample to the surroundings. 
Some preliminary tests have been made on samples of 
several sizes, insulated against loss of heat in various manners. 
All mixes were prepared from the same type of calcined 
gypsum, were mixed with similar proportions of water, and 
were initially at the same temperature. Temperatures were 
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measured with thermometers graduated to 1/10 degree C., 
inserted directly in the mix. Sample I was a 25 gram sample 
of C. P. calcium sulphate hemihydrate, mixed with 25 cc. 
water, placed in a small paraffin cup, the whole being well 
insulated with fibred asbestos. Sample 2 was of the same 
size as I but was placed in a 1 pint capacity thermos bottle 
during the test. Sample 3 was prepared from 300 grams hemi- 
hydrate and 300 cc. water, the whole being mixed in a large. 
paraffin cup. A thermometer was inserted in the center of 
the mix and the cup was placed in a I pint capacity corked 
thermos bottle, which was filled with this amount of material. 

The data indicated that samples I, 2, and 3 reached 
maximum temperatures at 26, 2614, and 38 minutes, respec- 
tively. It is evident that for samples 1 and 2 the loss of heat 
became greater at 26 minutes than the gain of heat due to 
the crystallization of gypsum, therefore the temperature of 
the mass decreased before the reaction was complete. Adia- 
batic conditions were not realized with samples 1 and 2, as 
their cooling curves clearly indicated. Sample 3, being of 
much greater mass, lost heat to its surroundings so slowly as 
to have practically no effect on temperature rise due to 
crystallization. Under ideal adiabatic conditions the tem- 
perature of a setting mass of gypsum would rise to a maximum 
which would be maintained indefinitely. For sample 3 the 
temperature drop after this maximum point is reached was 
0.0135° C. per minute, although the temperature of the 
gypsum was about 20° above that of the atmosphere or a 
sufficiently close approximation to adiabatic conditions. It 
is believed that such procedure could be used as a measure of 
time of set. 


VITRIFICATION OF CERAMIC BODIES. 


AT the Columbus branch of the bureau an investigation 
of the boundary of the field of mullite in the K.O.AI,03.Si0. 
system is being made. In so far as possible, minerals are 
being used in making the melts. 

The general procedure has been to mix the proper propor- 
tions of minerals with dextrin, making a paste which is forced 
through a glass tube drawn down at one end to about 2 mm. 
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diameter. This ‘‘spaghetti’’ is then melted in an oxy-gas 
flame and the beads quenched in water or mercury. The 
melt is examined microscopically for a crystal phase and the 
index of the glass measured. The results are then plotted 
on a three-component diagram. 

Melts containing varying amounts of orthoclase, kaolin, 
and flint (silica) were first made and examined. Mullite 
crystals were found to occur in melts containing at least 30 
per cent. kaolin, those with less being composed almost en- 
tirely of glass. There is an almost constant variation in the 
indices of the glasses ranging from 1.48 with Io per cent. 
kaolin to 1.54 with 90 per cent. The amount of mullite 
crystals increases with the index of the glass. The crystals 
occur as fibers showing position elongation: indices are 
w = 1.64, € = 1.66. 

Leucite-kaolin melts show practically the same results as 
do orthoclase-kaolin melts. Mullite and alumina have been 
used with orthoclase and leucite. The primary mullite 
crystals appear in all the melts containing up to 90 per cent. 
mullite under the conditions of experimenting. When alu- 
mina is introduced the mullite crystals appear in melts con- 
taining as much as 50 per cent. The appearance of beta 
corundum near the alumina end of the diagram has been 
very interesting. 

An effort is now being made to make a composition of 
material corresponding to kaliophilite, K,O.Al,03.2SiO2, to 
be used with kaolin, mullite, and alumina in locating the 
extent of the mullite field in that direction, though as yet 
the extreme volatility and solubility of potash have prevented 
success. No detailed work has been done along the boundary 
lines, as a reconnaissance of the whole field is first being 
made. Temporary factors as well as volatilization will 
probably have to be taken into account in later work. 


LIGHT COLORED FIRST COAT ENAMELS FOR SHEET IRON. 


IN an item on this subject which appeared in Technical 
News Bulletin No. 127 (November, 1927) there were given 
some results of preliminary adhesiveness tests, showing the 
effects of treating the metal in various ways before applying 
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the enamel. Since that time effort has been continued to 
improve the strength of the enamel-metal bond by treating 
the metal, and some treatments have been developed which, 
to cause failure, require loads more than 50 per cent. greater 
than any reported in the previous item. 

Previously reported results showed that adherence was 
improved by allowing a thin coating of oxide to form over the 
iron in a furnace before applying the enamel. The applica- 
tion of different cobalt compounds directly to the metal also 
proved beneficial in varying degrees. Accordingly the com- 
bination of both treatments was tried and with better results 
than were obtained by either treatment alone. Best results 
were obtained in the application of the cobalt salts when the 
metal was dipped in a hot solution, and allowed to remain 
there until it reached approximately the temperature of the 
bath. Cobalt nitrate appeared to be about the most desirable 
of the cobalt salts to apply to the iron because it decomposed 
on the iron with a comparatively gentle heat treatment, and 
the decomposition product (presumably essentially cobalt 
oxide) had but little tendency to float in the applied slip and 
stain the enamel. 

The treatment of the metal selected as a standard for a 
series of tests which will involve a variety of enamel com- 
positions, is as follows: the cleaned metal is dipped in a 5 
per cent. solution of cobalt nitrate at about 90° C. (approxi- 
mately 195° F.) and allowed to remain until the metal is hot. 
On removal from the solution the piece is whirled and touched 
on a flat cloth to remove any excess solution from the edges. 
It quickly dries and is heated in a furnace at 300° C. (about 
570° F.) for five minutes. The cobalt nitrate appears to 
decompose at this temperature when in contact with the iron, 
and the iron simultaneously acquires a light coating of the 
oxide. The light-colored enamel is then applied to the treated 
metal. 

Adhesiveness test values have been obtained, with the 
above and other treatments, which appear quite promising 
when compared to those obtained with standard cobalt 
ground coats. 
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MATERIAL FOR FILLING ETCHED LINES IN THERMOMETERS. 


IT is a matter of common experience that the materials 
ordinarily used for coloring the lines and figures on etched 
stem thermometers are not permanent under all conditions 
of use. The color in the lines of chemical thermometers burns 
out at high temperatures, or at lower temperatures is removed 
by the action of fluids in which the thermometers are im- 
mersed. For clinical thermometers, no material has been 
available which would not be removed by some of the anti- 
septic solutions ordinarily used. 

A new material developed by Paul T. Hannen and H. D. 
Bruce, of the Bureau of Standards, is much superior in dura- 
bility to those now in use. It consists of a mixture of water 
glass and finely divided manganese dioxide which is applied 
as a paste. A thermometer treated with this material retains 
the color even when heated to 500° C., and can be used 
in hot oil, water or steam, without injuriously affecting the 
visibility of the lines. Clinical thermometers may be treated 
with any of the common antiseptic solutions without removing 
this coloring material. The ability of the material to resist 
attack by acids and alkalies has not been thoroughly tested, 
but the indications are that it is not entirely resistive to these. 

Pigments, other than manganese dioxide, may be used 
with the water glass to produce other colors. 

Application has been made for a patent, dedicated to the 
public, covering the material and its application. A descrip- 
tion of the material and directions for its use are given in a 
letter circular which may be obtained on application to the 
Bureau of Standards. 
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The Compressibility and Pressure Coefficient of Resistance of 
Ten Elements. P. W. BRIDGMAN. (Proc. American Academy of 
Arts and Sciences, Vol. 62, No. 8.) In most of the measurements 
the range of pressures was from o to 12,000 kg./cm?. and of tem- 
peratures from 30° to 75° C. The work is the continuation of a 
program of determining the two properties for all available elements. 
The compressibilities are about what would be expected from the 
positions of the elements in the periodic system. In the cases of 
praseodymium, barium, thorium, chromium, rhombic sulphur, and 
vanadium the coefficient is larger at 75° than at 30°. The opposite 
is true for lanthanum and cerium, while for beryllium no difference 
could be definitely found. The compressibility of red phosphorus 
at 30° and a pressure of 12,000 kg./cm?. was more than four times 
as great as at the same temperature and a pressure of 2,000 
kg./cm?. The same holds true when the temperature is 75° for 
both pressures. 

The new data on electrical resistance as a function of pressure 
introduce fresh confusion into an already confused situation. When 
the author began his studies all known elements decreased in resis- 
tance under pressure with the sole exception of bismuth. Now 
bismuth has been joined by Sb, Li, Ca, Sr, Cs, Ce and Ba. ‘‘ The 
behavior of these new elements only strengthens the view to which 
I have been coming for some time, namely, that the mechanism of 
electrical conductivity is not as simple as at first appeared, but that 
a single type of mechanism is not competent to explain the various 
behavior of different metals.” 
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NOTES FROM U. S. BUREAU OF MINES.* 


PRODUCTION OF HIGH ALUMINA SLAGS FOR MANUFACTURE 
OF ALUMINA CEMENT. 


THE production in the blast furnace of high alumina slags 
for the manufacture of alumina cement forms the subject of 
an investigation recently conducted by the United States 
Bureau of Mines, Department of Commerce, at its North 
Central Experiment Station, Minneapolis, Minnesota. The 
Bureau’s experimental six-ton blast furnace was operated on 
a charge of bauxite, limestone, iron ore, and cast iron turnings. 
During a three-week test about 70 tons of high alumina slag 
were produced. The production of this slag offered no diffi- 
culty. Blast pressure, an indicator of general furnace opera- 
tion, was uniformly low. Only moderate blast temperatures 
were obtained, the average for the period being 885 degrees 
F. There seems little doubt as to the feasibility of operating 
a blast furnace on a charge of bauxite, limestone, and iron ore, 
so as to produce a substantial amount of iron and a slag which 
falls within the range of composition of alumina cements. 
The iron oxide in slag made in a blast furnace would differ 
from alumina cements made by simple fusion of raw materials 
because most of the tron in the bauxite would be reduced to 
the metallic state in the blast furnace and recovered under 
proper conditions as low-sulphur metal. One object of the 
experiment, conducted by the Bureau of Mines in cooperation 
with the Aluminum Company of America, was to determine 
whether the so-called Pedersen process can be applied to the 
blast furnace. This process consists of smelting a charge of 
bauxite, iron ore, and limestone, and results in two products. 
One is a slag containing about 50 per cent. of oxide of alumi- 
num and is intended for use in manufacturing aluminum, and 
the other is iron low in sulphur. 

Blast-furnace slag is now recognized as a satisfactory and 
economical raw material for making Portland cement. It 


* Published by permission of Director, United States Bureau of Mines. 
Not subject to copyright. 


883 


884 U. S. Bureau oF MINEs NOTES. [J. F. I. 


has been reported that in 1926 an important steel interest 
used well over one million tons of slag in producing about 2} 
million long tons of cement. This is equivalent to about 
4 ton of slag for each ton of cement. Alumina cement can 
be made direct in the blast furnace. Its physical character 
would have to be changed by grinding, but no change in its 
chemical composition would be necessary. 

This type of cement was of special value to the French 
Army during the World War for construction of gun emplace- 
ments and roads. It is characterized by its high alumina 
content and high strength at early periods. Since the War 
interest has steadily increased in its application to general 
construction work in which time has economic importance. 
Raw materials and technical details connected with the manu- 
facture of alumina cement and Portland cement differ 
markedly. Most of the alumina cement is made by secret or 
patented processes involving partial or complete fusion of the 
raw materials. 

In considering the cost of operating a blast furnace to 
produce alumina cement the geographical location of the 
furnace is important. Due to the advantages of obtaining 
cheap imported bauxite, cost estimates made by the Bureau 
of Mines have assumed that the furnace site 1s along the 
North Atlantic coast. The Bureau’s preliminary cost study 
indicates that 1 ton of metal and 1 to 13 tons of slag can be 
produced in the blast furnace for about $25 to $30, allowing 
no credit for surplus gas. If 1 ton of alumina cement is 
worth $30 and 1 ton of pig iron $20 the combined value of 
these two products would be $50, which leaves an attractive 
margin for grinding the slag, marketing costs, and profit. 
In addition to the value of the cement and iron produced, a 
substantial credit for the surplus gas could be obtained in 
industrial centers or particularly in steel plants. 

For the location of a furnace for the use of this process, 
localities where limestone, bauxite, coke, and scrap can be 
assembled obviously have a preference for economic reasons. 
Attention turns at once to the Southern States. The success- 
ful beneficiation of high-silica bauxites, a problem under 
investigation by the Bureau of Mines at its Southern Experi- 
ment Station, would make large tonnages of low-grade bauxite 
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available for the manufacture of aluminum as well as alumina 
cement. 


JAROSITE MINERALS IN OXIDIZED LEAD ORES. 


THE occurrence of jarosite minerals in the oxidized ores 
of lead and sulphur has hardly been given sufficient attention 
by metallurgists, the Bureau of Mines points out. Investiga- 
tions recently conducted at the Bureau’s Intermountain 
Experiment Station, Salt Lake City, have emphasized the 
importance of knowing when these minerals occur in the 
oxidized ores, especially those containing lead, silver, and 
gold, as their presence is a material factor in selecting a 
suitable kind of treatment. Since the question of the occur- 
rence of jarosites in oxidized ores has come to the attention 
of the Bureau of Mines, investigation has indicated that 
plumbojarosite and argentojarosite are quite common. These 
two minerals appear to be widely distributed and probably 
escaped recognition by persons who had attempted to treat 
certain oxidized lead ores in which the jarosite minerals 
represented a material portion of the metal content. 

Consideration of the physical characteristics of the jaro- 
sites also indicates that in many cases failure to treat some 
of the oxidized lead ores with success has been directly due to 
the fact that the greater portion of their lead and silver content 
was present as plumbojarosite and argentojarosite. The data 
and the description of specimens of these minerals examined 
by the Bureau indicate that attempts to recover lead and 
silver from ores in which appreciable amounts of these metals 
occur as plumbojarosite and argentojarosite would be un- 
successful if confined to gravity methods of concentratiod. 
There are undoubtedly considerable tonnages of oxidized lean 
ores in the various mining regions of this and other countries, 
and it is quite probable that in some of these ores the metal 
content of lead and silver may be largely anglesite (lead 
sulphate) and cerussite (lead carbonate) but that they will 
also contain cerargyrite (silver chloride), argentoiarosite, and 
plumbojarosite. The treatment of such ores therefore pre- 
sents an important problem, since a product is discarded from 
ores from which the recoveries of lead and silver have been 
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below 70 per cent. which is probably too low-grade to warrant 
aftertreatment by any process now in use. 

Ores containing argentojarosite and plumbojarosite would 
probably fall in the class just mentioned, and there is ample 
` reason to recommend that the mineralogical character of 
these ores should be carefully studied and understood before 
treatment. Where tailings have been discarded which con- 
tain I or 2 ounces in silver and several per cent. in lead, 
existing chiefly as jarosites, there is some question as to 
whether they would stand the expense of any metallurgical 
treatment now known. Such material therefore represents 
an economic loss, especially if no care has been taken regarding 
its disposal, and it may be washed away by flood waters or 
destroyed by other natural agencies. 

The presence of the jarosite minerals in oxidized ores has 
probably been overlooked by the metallurgist and mill man, 
who have assumed that the brown color in many ores was 
due to the presence of the hydrous iron oxides. Undoubtedly 
many samples of oxidized ores have been cursorily determined 
by visual observation to be hydrous iron oxide, whereas they 
probably contained considerable lead and silver in the form 
of plumbojarosite and argentojarosite. 

As the result of the Bureau of Mines’ studies, the following 
conclusions as to the treatment of these ores are given by 
R. E. Head, microscopist, and Virgil Miller, assistant metal- 
lurgist, in Serial 2870: 

All oxidized ores of lead, silver, and gold having a reddish- 
brown or yellow color should be examined to determine 
whether they contain members of the jarosite group of 
minerals. 

The exceedingly small size of jarosite crystals, their low 
specific gravity, and their micaceous character render treat- 
ment by gravity methods of concentration practically im- 
possible. 

Members of the jarosite group of minerals do not sulphidize 
readily when treated with sulphidizing agents at concentra- 
tions commonly used in commercial practice. 

Tailings resulting from the treatment of oxidized lead ores 
on which low recoveries of lead and silver are made should be 
examined carcfully to determine whether the losses are due to 
the existence of plumbojarosite and argentojarosite. 
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Jarosite ores which by reason of their relatively low metal 
content and distance from transportation facilities are of 
doubtful value may be beneficiated by a type of pyrometal- 
lurgical treatment best suited to their characteristics and 
location. The results of volatilization experiments of several 
of these ores suggest that this method of treatment should 
be given consideration. 


THE TEMPERATURE OF FLAMES. 


THE temperatures of stationary flames of various gases 
and vapors are being determined by the Bureau of Mines by 
three methods: (1) Reversal of the sodium line; (2) conduc- 
tivity of the flame when it contains the vapor of a metallic 
salt; (3) measurement of the temperature of an electrically 
heated wire in the flame. The work is being conducted to 
obtain fundamental data on flame propagation and to study 
methods which may be applicable to the flames from explo- 
sives. Measurements on natural gas-air flames showed a 
temperature of 1880 degrees C. for a 9 per cent. gas mixture - 
and 1760 degrees C. for an 11.4 per cent. mixture. Corre- 
sponding calculated temperatures are 2540 degrees C. and 
2130 degrees C. The differences between observed and calcu- 
lated values are due to radiation and conduction losses and 
uncertainties in the thermal data, and indicate the need for 
this type of experimental determination. It is planned to 
measure temperatures of all the commonly used gases and 
hydrocarbon vapors. 


FLOTATION OF LOW-GRADE PHOSPHATE ORES. 


AN investigation of flotation for low-grade phosphate ores 
and rejected materials from the Florida washers is now under 
way at the Southern Experiment Station of the Bureau of 
Mines. This study has been mainly confined to samples 
ground to pass 48- or 65-mesh. Samples of rejected materials 
from all the washers now operating in the land pebble district 
have been treated in the laboratory with satisfactory results. 
Concentrates above the minimum grade for commercial 
phosphate rock—68 per cent. bone phosphate of lime—have 
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been obtained with recoveries ranging from 83 to 95 per cent. 
of the phosphate content of the material treated. However, 
if flotation for phosphates requires fine grinding with the 
accompanying steps of thickening, filtering, and drying of 
fine materials, it may prove too expensive for the production 
of a low-priced commodity such as phosphate rock. Some 
study is now being made to determine the size of the coarsest 
grains of phosphate that can be recovered by flotation. In 
some tests grains of phosphate as coarse as minus 20- and plus 
28-mesh in size have been recovered by flotation of unground 
material. The results obtained, are, however, not consistent. 
Further study will be required before the amenability of the 
coarser grains of phosphate to flotation can be determined. 


DEOXIDATION WITH SILICON IN THE OPEN-HEARTH FURNACE. 


ONE of the primary factors in the rate of elimination of 
silicates from open-hearth steel is the size of the particle 
formed on deoxidation. If excess silicon is added to a medium- 
or high-carbon steel very small glassy particles are formed 
which rise slowly out of the steel. On the other hand, if there 
is sufficient iron oxide or manganese oxide to flux the silica, 
a rapid increase in rate of elimination is found due to the 
increased size of the silicate particle. 

From the results of laboratory work on deoxidation with 
silicon it is-possible to predict just what type of inclusion will 
be formed with any silicon addition to any type of open- 
hearth steel, provided manganese is not added at the same 
time. Predictions from the laboratory work have been 
checked on various open-hearth heats and out of 67 steel 
samples studied only six samples showed types different from 
that predicted. These results make it possible to designate 
the optimum amount of silicon to add to any open-hearth 
heat in killing in the furnace and showing that if clean steel is 
desired certain grades of steel should be killed in the furnace 
with silicon and manganece rather than silicon alone. Investi- 
gation of the properties of the manganese silicates thus formed 
is now in progress. 


THE FRANKLIN INSTITUTE. 


(Proceedings of the Stated Meeting held Wednesday, May 16, 1928.) 


THE stated monthly meeting of the Institute, at which the exercises in 
celebration of Medal Day were held, was called to order at three-forty-five p.m. 
by the Senior Vice-President, Henry Howson, Esq. 

The Chairman stated that the minutes of the April meeting had been printed 
in full in the May number of the JOURNAL and that unless there were objection, 
they would be approved as printed. No objection was offered and the minutes 
were approved. 

The Chairman then called upon the Secretary, Dr. Howard McClenahan, 
who reported concerning a donation to the Institute of a portrait of Mr. William 
Sellers, which had been specially painted for the Institute and had been presented 
by the son of Mr. Sellers, Alexander Sellers, Esq., of Philadelphia. The Secretary 
stated that Mr. William Sellers had been a member of the Board of Managers 
of the Institute from 1857 to 1892 and President of the Institute from 1864 to 
1866 and that during that time he had been one of the forceful leaders of the 
affairs of this old society; under his guidance the Sellers, or Franklin Institute, 
scale of screw threads was proposed and adopted and became the standard of the 
English-speaking world. The Secretary stated that it is a source of great grati- 
fication to the Institute to have this permanent reminder of the distinguished 
man who had done so much for the usefulness and reputation of The Franklin 
Institute and that, as the mouthpiece of the Board of Managers, he wished to 
express the hearty gratitude of the Institute to Mr. Alexander Sellers for his 
generous and appreciated gift. 

The Vice-President then announced that the award of medals was the next 
order of business and stated that all the medals which had been recommended 
during the present Institute year by the Committee on Science and the Arts 
would be presented at this time. The exercises in connection with the presenta- 
tion of the various medals were then held. 


l PROGRAMME 
Presentation of Longstreth Medals to Sponsors 
FRANK N. SPELLER, D.Sc. Mr. G. H. Clamer 
National Tube Company 
MR. WARREN P. VALENTINE Dr. G. S. Crampton 


Philadelphia, Pennsylvania 
Presentation of Wetherill Medals to 


MR. ALBERT S. HOWELL Mr. W. N. Jennings 
The Bell-Howell Company 
FRANK E. Ross, Pu.D. Dr. W. R. Wright 


Yerkes Observatory, University of Chicago 
Presentation of the Levy Meda! to 
VANNEVAR Bus, MSc., D.ENG. Prof. H. J. Creighton 
Professor of Electrical Power Transmission 


Massachusetts Institute of Technology 
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Presentation of the Henderson Medal to 
WILLIAM F. KIESEL, JR., M.E. Mr. G. H. Benzon, Jr. 
Mechanical Engineer, Pennsylvania Railroad 
Presentation of the Clark Medal to 
ARTHUR GRAHAM GLascow, M.E. Mr. F. R. Wadleigh 
Humphreys and Glasgow, Ltd., London, England 
Presentation of Potts Medals to 
EUGENE C. SULLIVAN, PHD. AND Mr. WILLIAM E. 


TAYLOR Mr. C. A. Hall 
Corning Glass Works 
Mr. Oscar G. THURLOW Mr. F. H. Rogers 


Alabama Power Company 
Presentation of Cresson Medals to 
VLADIMIR KARAPETOFF, C.E., M.M.E. Mr. C. W. Bates 
Professor of Electrical Engineering 
Cornell University 


GustTAF W. ELMEN, M.A. Mr. C. A. Hall 
Bell Telephone Laboratories, Inc. 

Mr. CHARLES L. LAWRANCE Mr. W. L. Brown, 3d 
Wright Aeronautical Corporation 

Mr. HENRY FORD Mr. Ben}. Franklin 


Ford Motor Company, Detroit, Michigan 
Presentation of the Franklin Medal and Certificate of 
Honorary Membership to 
PROFESSOR WALTHER NERNST, PH.D., D.Sc. Dr. James Barnes 
Professor of Physical-Chemistry 
University of Berlin 
Received by BARON F. VON PRITTZWITZ-GAFFRON 
The German Ambassador to the United States 
Presentation of the Franklin Medal and Certificate of 
Honorary Membership to 
CHARLES F. Brusu, M.E., Pu.D., D.Sc., LL.D. Dr. James Barnes 
Cleveland, Ohio. 


PAPERS 


‘*Physico-Chemical Considerations in Astrophysics,” by PROFESSOR WALTHER 
NERNST. Presented by Dr. IRVING LANGMUIR, General Electric Company. 
“Some Experimental Evidence for a Kinetic Theory of Gravitation,” by DR. 
CHARLES F. BRUSH. 
HowaRD MCCLENAHAN, 
Secretary. 


(An extended account of the proceedings of this Medal Day meeting will 
appear in the August number of the JOURNAL, in which number the two papers 
which were read will be published in full.) 
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COMMITTEE ON SCIENCE AND THE ARTS. 


(Abstract of Proceedings of Stated Meeting held Wednesday, May 2, 1928.) 
HALL OF THE INSTITUTE, 
PHILADELPHIA, May 2, 1928. 
Doctor GEORGE S. CRAMPTON în the Chair. 


On this date an open meeting was held in the Hall of the Institute to which 
the local members of the Institute were invited in order to witness a demonstra- 
tion of the electrical device known as the ‘‘Televox.’’ This was given by Mr. 
R. J. Wensley of the Westinghouse Electric Company of Pittsburgh, Pennsylvania. 
Mr. Wensley described the device as a system of automatic remote control used 
by a central station in putting in operation electrical machinery that would 
perform the duties of an attendant and return notice to the central station when 
the order had been carried out. 

The apparatus was installed on a table by itself. This consisted of the 
receiving and operating parts and several devices to be operated. By the use of 
a telephone placed at a distance orders were transmitted by means of whistles 
of different pitches on receipt of which the following results were obtained: an 
electric fan was started and stopped; incandescent lights were turned on and off; 
a projecting lamp was lighted and cut off; a motor was started and stopped; a 
horn was sounded at will and as long as desired. This demonstration and the 
lecture that accompanied it were enjoyed by an audience that filled the Hall 
and which evidenced its approval by enthusiastic applause. 

After the retirement of the invited guests the Committee proceeded to the 
regular business of the Stated Meeting. 

The following report was presented for final action: 

No. 2859: Waterless Gas Holder. 

This is a new type of gas holder, its purpose being to provide a reservoir in 
which the gas is contained underneath a disk cover which is capable of vertical 
movement, its position being determined by the amount of gas in the reservoir. 
This disk carries at its outer edge a shallow trough containing a thick oil or tar 
which on trickling down the side of the reservoir forms an effective seal between 
the disk and the side. 

A dome-shaped top provides a roof for the reservoir and protects the movable 
disk from rain or snow. The use of this type of holder avoids the danger of 
freezing in cold weather to which the water-sealed type is subject and provides 
a reservoir of constant height. 

The oil forming the seal is collected in a circular trough at the bottom of the 
reservoir and is then pumped to the top where it is distributed for further use as 
a seal. 

The foundations required in this type are not as massive as those for the 
telescope water sealed reservoir which must sustain the pressure of a high wall 
of water. 

The Waterless Gas Holder has been in extensive use in Europe for a number 
of years and they have been used in the United States for a sufficiently long time 
to prove their value in withstanding the conditions brought about by our winters. 

The recommendation of the Sub-Committee of Investigation to award the 
Edward Longstreth Medal to Mr. Konrad Jagschitz, of Mainz, Germany, was 
adopted. Geo. A. HOADLEY, 

Secretary to Committee. 
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MEMBERSHIP NOTES. 


ELECTIONS TO MEMBERSHIP. 
(Stated Meeting, Board of Managers, May 9, 1928.) 
RESIDENT. 


Mr. JAMES B. Scott, Engineer, Day and Zimmerman, Inc. For mailing: 
503 South Forty-sixth Street, Philadelphia, Pa. 

Mr. Kari B. THEws, Consulting Chemist, Vice-President, Thews-Harbison- 
Thews, Inc., 950 Mulford Building, Philadelphia, Pa. 


NON-RESIDENT. 


PROFESSOR ROLLIN L. CHARLES, Professor of Physics, Franklin and Marshall 
College, Lancaster, Pa. For mailing: 510 Race Avenue, Lancaster, Pa. 
Mr. HoL_peENn R. HouGutTon, Industrial Engineering Representative, Industrial 
Power Department, Consolidated Gas, Electric Light and Power Co., Balti- 
more, Maryland. For mailing: 1719 North Calvert Street, Baltimore, Md. 


CONTRIBUTING MEMBERS. 


Mr. M. J. BRADLEY, Leeds and Northrup Company, 4901 Stenton Avenue, 
Philadelphia, Pa. , 

Mr. E. J. GANGWERE, Mechanical Supervisor, The Reading Company, Lansdale, 
Pa. 


CHANGES OF ADDRESS. 


Mr. CHARLES G. ApsiT, 516 Grant Building, Atlanta, Ga. 

Mr. J. SNOWDEN BELL, P. O, Box 629, City Hall Station, New York City. 

Mr. Rosert W. A. BREWER, Huntingdon Valley, Pa. 

Mr. IrvinG H. CROwWNE, 7 Randolph Place, Verona, New Jersey. 

Mr. CHARLES FEARON, 511 Chestnut Street, Philadelphia, Pa. 

Mr. Harry A. GouLp, Apartment 208, 2112 Venango Street, Philadelphia, Pa. 

Mr. ConrabD N. LAvurr, Penllyn, Montgomery County, Pa. 

Mr. J. HARRY MULL, 3913 Walnut Street, Philadelphia, Pa. 

Mr. JOHN SHATTUCK, Ridley Park, Pa. 

Mr. J. M. SpitzGvass, care of Elektroflo, Potsdamerstr. 119 B., Berlin W. 35, 
Germany. 

Dr. GEORGE F. STRADLING, 13 Apartment, 6214 Wayne Avenue, Germantown, 
Philadelphia, Pa. 

Dr. PauL B. TAYLOR, 130 West Central Avenue, Moorestown, New Jersey. 

Mr. ALFRED L. W. Wi.ttamMs, The British American Pump and Machinery 
Company, 872 East Seventy-second Street, Cleveland, Ohio. 

Mr. Lucien l. YEOMANS, Engineering Building, 205 West Wacker Drive, Chicago, 
HHinois. 

Dr. EDWARD L. ZIESEL, 701 South Bonnie Brae Street, Los Angeles, California. 

Mr. NOEL T. WELLMAN, 36 Prospect Street, Summit, New Jersey. 
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LIBRARY NOTES. 


Recent Additions. 


ANDOYER, M. H. Cours de Mécanique Céleste. Tome I. 1923. 

Annual Reports of the Progress of Chemistry for 1927. 1928. 

Beilsteins Handbuch der organischen Chemie. Vierte Auflage. Elfter Band. 
1928. 

BOREL, EMILE. Méthodes et Problèmes de Théorie des Fonctions. 1922. 

Born, Max. La Théorie de la Relativité d'Einstein et ses Bases Physiques. 
Traduit de l'allemand d’après la seconde édition par F. A. Finkelstein et 
J. G. Verdier. 1923. 

BRAGG, SIR WM., AND W. L. Brace. Rayons X et Structure Cristalline. Traduit 
sur la troisième édition anglaise par Mme. M. J. Riviere. 1921. 

Bulletin Almanac and Year Book 1928. 

ConpucHE, AUGUSTE. Les Progrès de la Métallurgie du Cuivre. 1922. 

CORNILLE, ALIX. Aide-Mémoire de Céramique Industrielle. 1924. 

CROWTHER, JAMES ARNOLD. Molecular Physics and the Electrical Theory of 
Matter. Fourth edition. 1927. 

DEVIssER, W. The Calender Effect and the Shrinking Effect of Unvulcanized 
Rubber. Translated from the original Dutch by Edward S. Allsop. 1926. 

Dusroca, MARCELIN. Le Réalisme Einsteinien, l’Optique et le Principe d'In- 
varience. 1926. 

Engineering Index 1927. 

FABRY, CHARLES. Éléments de Thermodynamique. 1928. 

FOURNIER, GEORGES. La Relativité Vraie et la Gravitation Universelle. 1923. 

FRIEND, J. NEWTON, Editor. A Text-Book of Inorganic Chemistry. Volume Io. 
1928. 

GALBRUN, H. Introduction a la Théorie de la Relativité. 1923. 

Institut International de Physique Solvay. Atomes et Electrons: Rapports et 
Discussions du Conseil de Physique Tenu a Bruxelles du ! au 6 Avril 1921. 
1923. 

Janet, P. Problèmes et Exercices d' Électricité Générale. 1921. 

JuLIA, Gaston. Leçons sur les Fonctions Uniformes à Point Singulier Essentiel 
Isole. 1924. 

Jumau, Lucien. Piles et Accumulateurs Électriques. 1928. 

LEFSCHETZ, S. L’'Analysis Situs et la Géométrie Algébrique. 1924. 

LıNnD, SAMUEL C. Chemical Effects of Alpha Particles and Electrons. Second 
(revised and enlarged) edition. 1928. 

MELLOR, J. W. A Comprehensive Treatise on Inorganic and Theoretical Chem- 
istry. Volume 8. 1928. 

MILANKOvITcH, M. Théorie Mathématique des Phénomènes Thermiques 
Produits par la Radiation Solaire. 1920. 

OSBORNE, OWEN. The Story of the Stocking. 1927. 

Photograms of the Year 1927. 

PomEY, J.-B. Analogies Mécaniques de l' Électricité. 1921. 

Pomey, J.-B. Cours d’Electricité Théorique. 1928. 

Porter, C. W., T. D. STEWART AND G. E. K. BRANCH. The Methods of Organic 
Chemistry. 1927. 
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RAIBAUD, JULES. Appareils et Méthodes de Mesures Mécaniques. 1928. 

Rıce, FRANCIS OWEN. Homogeneous Organic Reactions. 1928. 

Roy, Louis. Cours de Mécanique Rationelle. 1921. 

Smits, A. La Théorie de l’Allotropie. 1923. 

Society of Dyers and Colourists. Supplement to the Colour Index. Edited by 
F. M. Rowe. 1928. 

SOMMERFELD, ARNOLD. Three Lectures on Atomic Physics. Translated by 
Henry L. Brose. No date. 

STONER, EDMUND C. Magnetism and Atomic Structure. No date. 

STUYVAERT, M. Statique Dynamique. 1920. 

VALASEK, JOSEPH. Elements of Optics. 1928. 

VARIN D’AINVELLE, JEAN. L'Origine Tourbillonnaire de l’Atome et ses Consé- 
quences. 1924. 

VILLEY, J. Les Divers Aspects de la Théorie de la Relativité. 1923. 

VOLTERRA, VITO, AND JOSEPH PERES. Leçons sur la Composition et les Fonctions 
Permutables. 1924. 

WIEN, W., AND F. Harms, editors. Handbuch der Experimentalphysik. Band 
23, Teil I. 1928. 

WILson, JOHN ARTHUR. The Chemistry of Leather Manufacture. Second 
edition, Volume J. 1928. 


BOOK REVIEWS. 


NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS. Report No. 272, The 
Relative Performance Obtained with Several Methods of Control of an 
Overcompressed Engine Using Gasoline, by Arthur W. Gardiner and William 
E. Whedon. 13 pages, illustrations, quarto. Washington, Government 
Printing Office, 1927. Price, ten cents. 


This report presents some results obtained at the Langley Memorial Aéro- 
nautical Laboratory, during an investigation to determine the relative per- 
formance characteristics for several methods of control of an overcompressed 
engine using gasoline and operating under sea-level conditions. For this work, 
a special single cylinder test engine, 5-inch bore by 7-inch stroke, and designed 
for ready adjustment of compression ratio, valve timing and valve lift while 
running, was used. 

Tests were made at an engine speed of 1,400 R.P.M. for compression ratios 
ranging from 4.0 to 7.6. The air-fuel ratios were on the rich side of the chemically 
correct mixture and were approximately those giving maximum power. When 
using plain domestic aviation gasoline, detonation was controlled to a constant, 
predetermined amount (audible), such as would be permissible for continuous 
operation, by (a) throttling the carburetor, (b) maintaining full throttle but 
greatly retarding the ignition, and (c) varying the timing of the inlet valve to 
reduce the effective compression ratio. For the first and third methods, the 
throttle opening and the valve timing, respectively, were adjusted so that the 
ignition timing could be advanced slightly beyond the advance, giving maximum 
power without exceeding the standard of permissible detonation. The optimum 
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performance for the engine when using a nondetonating fuel, consisting of 80 
per cent. of commercial benzol and 20 per cent. of aviation gasoline, was obtained 
as a basis for comparison. 

The following comparative results are based on the optimum performance 
for the engine obtained with the nondetonating fuel at a compression ratio of 4.7. 
The power and fuel consumption with method (b) remained substantially constant 
at the higher compression ratios, the order of the ignition timing permitting full 
throttle operation ranging from 30° at 4.7 to 3° at 7.3; exhaust temperatures, 
heat loss to the cooling water, and explosion pressures at the higher ratios were 
normal. At a compression ratio of 7.5, the power obtained with method (a) was 
about 39 per cent. less and the fuel consumption was considerably lower; with 
method (b), time of inlet-valve opening constant and time of inlet-valve closing 
varied, the power was about 23 per cent. less and the fuel consumption was 
greatly increased; with method (c), time of inlet opening and closing varied 
simultaneously, the power was about 29 per cent. less and the fuel consumption 
was greatly increased. 


Report No. 273, Wind Tunnel Tests of Autorotation and the “Flat Spin” by 
Montgomery Knight. 18 pages, illustrations, quarto. Washington, Govern- 
ment Printing Office, 1927. Price, ten cents. 


The following report deals with the autorotational characteristics of certain 
differing wing systems as determined from wind tunnel tests made at the Langley 
Memorial Aeronautical Laboratory. The investigation was confined to auto- 
rotation about a fixed axis in the plane of symmetry and parallel to the wind 
direction. Analysis of the tests leads to the following conclusions: 

Autorotation below 30° angle of attack is governed chiefly by wing profile, 
and above that angle by wing arrangement. 

The strip method of autorotation analysis gives uncertain results between 
maximum Cy and 35°. 

The polar curve of a wing system, and to a lower degree of accuracy the 
polar of a complete airplane model are sufficient for direct determination of the 
limits of rotary instability, subject to strip method limitations. 

The results of the investigation indicate that in free flight a monoplane is 
incapable of flat spinning, whereas an unstaggered biplane has inherent flat- 
spinning tendencies. 

The difficulty of maintaining equilibrium in stalled flight is due primarily 
to rotary instability, a rapid change from stability to instability occurring as the 
angle of maximum lift is exceeded. 

Report No. 274, The N. A. C. A. Photographic Apparatus for Studying Fuel 
Sprays from Oil Engine Injection Valves and Test Results from Several Re- 
searches, by Edward G. Beardsley. 14 pages, illustrations, quarto. . Washington, 
Government Printing Office, 1927. Price, ten cents. 

Apparatus for recording photographically the start, growth, and cut-off of 
oil sprays from injection valves has been developed at the Langley Memorial 
Aeronautical Laboratory of the National Advisory Committee for Aeronautics. 
The apparatus consists of a high-tension transformer by means of which a bank 
of condensers is charged to a high voltage. The controlled discharge of these 
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condensers in sequence, at a rate of several thousand per second, produces electric 
sparks of sufficient intensity to illuminate the moving spray for photographing. 
The sprays are injected from various types of valves into a chamber containing 
gases at pressures up to 600 pounds per square inch. 

Several series of pictures are shown. The results give the effects of injection 
pressure, chamber pressure, specific gravity of the fuel oil used, and injection-valve 
design, upon spray characteristics. 


Report No. 280, The Gaseous Explosive Reaction—The Effect of Inert 
Gases, by F. W. Stevens. 12 pages, illustrations, quarto. Washington, 
Government Printing Office, 1927. Price, ten cents. 


(1) Attention is called in this report to previous investigations of gaseous 
explosive reactions carried out under constant-volume conditions, where the 
effect of inert gases on the thermo-dynamic equilibrium was determined. The 
advantage of constant-pressure methods over those of constant-volume as applied 
to studies of the gaseous explosive reaction is pointed out and the possibility of 
realizing for this purpose a constant-pressure bomb mentioned. 

(2) The application of constant-pressure methods to the study of gaseous 
explosive reactions, made possible by the use of a constant-pressure bomb, led 
to the discovery of an important kinetic relation connecting the rate of propagation 
of the zone of explosive reaction within the active gases with the initial con- 
centrations of those gases: 


s= ki CA }@CB}e[C}- oe, 


(3) By a method analogous to that followed in determining the effect of 
inert gases on the equilibrium constant K, the present paper records an attempt 
to determine their kinetic effect upon the expression given above. It is found 
that this effect for the inert gases investigated—N:, He, and CO.—may be 


expressed as . 
s = k,[A]}™(B]=(C}s--- + e(G,], 


where [G;] represents the initial concentration of the inert gas. From results 
obtained it seems probable that the value of 8 depends upon the combined 
effect of the thermal properties of the inert gas on the heat distribution of the 
reaction, the property of heat conductivity being predominant. 

(4) An example of the utility of the constant-pressure bomb for the study 
of the kinetics of the gaseous explosive reaction is offered in the results of the 
present paper. 


Report No. 281, The Effects of Fuel and Cylinder Gas Densities on the 
Characteristics of Fuel Sprays for Oil Engines, by Wm. F. Joachim 
and Edward G. Beardsley. 9 pages, illustrations, quarto. Washington, 
Government Printing Office, 1927. 

This investigation was conducted at the Langley Memorial Aeronautical 
Laboratory as a part of a general research on fuel-injection engines for aircraft. 
The purpose of the investigation was to determine the effects of fuel and cylinder 
gas densities upon several characteristics of fuel sprays for oil engines. 

The start, growth, and cut-off of single fuel sprays produced by automatic 
injection valves were recorded on photographic film by means of special high- 
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speed’motion-picture apparatus. This equipment, which has been described in 
previous reports, is capable of taking twenty-five consecutive pictures of the 
moving spray at the rate of 4,000 per second. 

The penetrations of the fuel sprays increased and the cone angles and relative 
distributions decreased with increase in the specific gravity of the fuel. The 
density of the gas into which the fuel sprays were injected controlled their 
penetration. This was the only characteristic of the chamber gas that had a 
measurable effect upon the fuel sprays. Application of fuel-spray penetration 
data to the case of an engine, in which the pressure is rising during injection, 
indicated that fuel sprays may penetrate considerably farther than when injected 
into a gas at a density equal to that of the gas in an engine cylinder at top center. 


THE MECHANISM OF HOMOGENEOUS ORGANIC REACTIONS FROM THE PHYSICAL- 
CHEMICAL STANDPOINT. By Francis Owen Rice, Associate Professor of 
Chemistry in the Johns Hopkins University. American Chemical Society 
Monograph Series. 217 pages, 23 x 15 cm., cloth. New York, The Chemical 
Catalog Company, Inc., 1928. Price, $5.00. 


It is to be hoped that this book shall not be the last of a highly commendable 
class of treatises whose object is to gather and arrange data related to the appli- 
cation of physical science to organic reactions. A. W. Stewart in his “Recent 
Advances in Organic Chemistry” deplored the fact that researchers in pure 
organic chemistry have expended so much of their energy toward the synthesis 
of new compounds and so little toward the purpose of understanding more 
thoroughly the mechanism of the reactions leading to compounds already known. 

Not many years have elapsed since the introduction of the application of 
physical methods to the study of the structure and reactions of organic substances. 
A few of these methods, briefly enumerated, are: Light absorption—visible, ultra- 
violet, infra-red; optical rotation, dielectric constant, refractive index, Tesla 
luminescence spectra, conductivity in solutions, ionic activity, etc. All these 
and many other methods furnish the tools whereby the chemist successfully may 
attack the problem of determining just how a chemical reaction proceeds. 

The various types of organic reactions may be classified under two general 
headings: homogeneous and heterogeneous reactions. The title of Dr. Rice’s 
book: ‘‘The Mechanism of Homogeneous Organic Reactions” indicates that 
he has undertaken an exposition on the kinetics of such reactions. This, he has 
done in a clear and forceful style. The raison d'etre for this book is aptly de- 
scribed by the author in his preface with the following words: ‘“ Reaction kinetics 
provide us with a powerful weapon for investigating the mechanism of organic 
reactions and have been freely used for this purpose in nearly all investigations 
concerning the mechanism of organic reactions. It therefore appeared desirable 
to make a systematic study of homogeneous organic reactions from this point 
of view so that the information available would be collected and presented in a 
more accessible form than scattered through the literature.” 

Only those who have had occasion to search the literature for all the informa- 
tion published in regard to any particular organic reaction can appreciate what a 
stupendous task it must have been to cover not one reaction but a collection of 
all those homogeneous reactions which are well known to the organic chemist. 
A careful perusal of this book will give a chemist not only a comprehensive view 
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on all that is known about homogeneous organic reactions but will emphasize 
simultaneously the enormous amount of knowledge that is still lacking in regard 
to these reactions. 

In the introductory chapter the author does well to remind us that: ‘‘ Actually 
our stoichiometric equations hardly ever represent even approximately the 
reactions that take place in homogeneous solutions because they invariably 
neglect the possibility of compound formation between solvent and dissolved 
substances; also in these stoichiometric equations the existence of the catalyst 
is usually ignored, this being justified by some such manifest untruth as: ‘The 
chemical nature of a catalyst is unchanged at the end of the reaction.” 

The author takes as his major premise the assumption that: The mechanism 
of organic reactions in homogeneous solution may be pictured to be a rate of 
collision between dry hydrogen or hydroxyl ion and various solvated and un- 
solvated forms of the reactants. The author then attempts to explain the data 
for each reaction in the light of the above statement. His procedure seems to 
be justified by the fact that there is no mechanism of homogeneous catalysis 
upon which all chemists are agreed and that such procedure makes possible a 
more unified treatment of the subjects discussed. Only by carefully reading 
the book can one realize the adeptness with which the author has logically ex- 
plained the various anomalies observed in organic reactions by means of this 
adopted postulate of his. 

Chapter II, following the introduction, deals with the general characteristics 
and factors governing reaction velocity. Chapter III is devoted to ‘‘ Addition 
Compound Formation” and contains a mass of data emphasizing how extensively 
addition compounds occur in organic solutions. Chapter IV, “Theoretical,” 
contains brief descriptions of the various theories which have been advanced to 
explain just how the reactants of an organic reaction react. The remaining 
chapters deal with the better known types of homogeneous organic reactions 
such as isomeric change, hydrolytic reactions, reactions of aliphatic hydrocarbons, 
of benzene and its derivatives; general reactions such as Friedel and Crafts, 
acetal formation, reactions involving aldehydes, the Perkin and Claison con- 
densations, the Michael reaction, Hoesch’s synthesis and the Hell-Volhard 
reaction. The last chapter headed, ‘Special Topics” deals with the Walden 
Inversion, Beckmann Inversion and includes a well written discussion upon 
chemical reactivity. 

To a chemist seeking suggestions and aid in regard to research problems 
this book should prove to be of inestimable value. For in it he or she will find 
a thorough digest of the literature and references on each topic and a clear 
indication as to the next phase of the problem which should be investigated. 
Such a book surely will prove a stimulation to all thinking chemists concerned with 
fundamental problems of homogeneous organic reactions. And what chemist 
isn’t? THEODORE K. CLEVELAND. 


THREE LECTURES ON Atomic Puysics. By Arnold Sommerfeld, F.R.S., Professor 
of Theoretical Physics at the University of Munich, translated by Dr. Henry 
L. Brose. 70 pages, 18x12 cm., cloth. New York, E. P. Dutton and 
Company. Price, $1. 


In the hands of its proponents, developments are continually proceeding in 
the processes of analyzing the mechanism of the new theory of atomic structure. 
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These lectures on atomic structure were delivered at the London University to 
meet the desire of that institution to secure the present views on current problems 
of atomic physics of the noted investigator whose contributions on this most 
fundamental basis of physical science occupy a foremost position. In the first 
lecture ‘‘General remarks on atomic physics, in particular on the spectra of 
hydrogen and helium” the author explains how the various quantum numbers 
that are required for describing spectra are introduced, and the analogy of the 
structure of the hydrogen atom to that of the alkali metals is pointed out, in 
harmony with which he develops a new theory for the hydrogen atom. The 
author remarks in his introduction: ‘‘What are at present the most acute questions 
of atomic physics? First and foremost we may certainly place the problem of 
the nature of light. . . . Another acute question is that concerning the validity 
of mechanics. We feel certain that nature is much simpler and more regular 
than can be explained by classical mechanics when applied to atomic systems. 
It appears that the quantum mechanics which is now in process of development 
will bring us help.” 

The second lecture, ‘‘ The general system of the complex terms ” relates to the 
derivation of a system of terms applicable to higher multiplicities and to the 
‘principle of uniqueness” of Pauli. The third lecture, ‘Chemical bonds and 
crystal structure” considers the theory of the periodic system of the elements 
which shows in what elements completed subgroups are to be expected. 

To investigators of atomic theory, Professor Sommerfeld’s recent views on 
the development of the subject should prove inspiring to further advances. 

L. E. P. 


MOLECULAR PHYSICS AND THE ELECTRICAL THEORY OF MATTER. By James 
Arnold Crowther, M.A., Sc.D., F.Inst.P., Professor of Physics in the Uni- 
versity of Reading. Fourth edition, viii-202 pages, 18 x 12 cm., illustrated, 
cloth. Philadelphia, P. Blakiston’s Son & Company, 1927. Price, $2.50. 


Those who cast about for an intelligible account of the evolution of the 
electrical theory of matter or what has come to be known as the ‘‘new physics” 
will be generally disappointed at the magnitude of the task of a perusal of any 
of the works which contain the results of the investigations and the deductions 
of the celebrated scientists who have contributed to the already extensive literature 
of that subject. The fundamental facts of science being inferential and deductive, 
are not capable of definition and intelligible explanation in a few words. As 
with the old atom, which requires a consideration of Dalton’s law and the 
hypothesis of Avogadro for its explanation, so with the new atom with its greater 
complexity a still more extensive collection of inferential facts and a far more 
elaborate array of deductive devices are requisite for its satisfactory elucidation. 

Professor Crowther’s book meets the demands of a wide diversity of readers. 
Those who desire a general account of the investigations from which deductions 
have been made which are bringing the theory of the new atom on an operative 
basis will find it there presented in simple and straightforward language and free 
from difficult mathematical operations. To the serious student a better intro- 
duction could scarcely be asked than the survey which the author makes of the 
classical researches which have inspired the electron atom. 

Beginning with a historical outline, the author proceeds to the physics of 
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the electron which begins with the vacuum-tube phenomena of Crookes, the 
explanation of positive particles and positive ray analysis. Then the nature and 
size of an electron, the structure of the electron and the structure of the atom 
are discussed. At this point he gives a chapter on the electron in chemistry in 
which are included Thomson’s theory, the grouping of electrons and their relation 
to the periodic classification and the electrical theory of valency. With this 
groundwork we pass to the atom in vibration, the quantum theory and Bohr's 
theory of stationary orbits, the molecular theory of matter and radio-active 
transformations. ` 

The work is indeed a very complete summary of the molecular theory of 
physics. (‘“‘ Molecular” the author explains is here used in its strictly etymo- 
logical sense) which answers most fully the question ‘‘What is an Atom?”’ 

Lucien E. PICOLET. 


PILES ET ACCUMULATEURS ÉLECTRIQUES. Par Lucien Jumau, Ingénieur. Collec- 
tion Armand Colin No. 55. 194 pages, 17 XII cm., paper, illustrated. 
Paris, Librairie Armand Colin, 1928. Price, bound 10 f. 25, paper ọ f. 


There are few departments of electrical engineering, if any, in which some 
application of storage batteries may not be found. A knowledge of the theory, 
construction and management of accumulator installations is consequently an 
important branch of an active practitioner’s professional qualification. 

Considering its dimensions, there is an extraordinary amount of both 
theoretical and practical information in this compact little volume. The book 
is in two parts, the first on primary batteries, the second on accumulators. In 
the forty-eight pages of the first part are considered the general principles, 
thermodynamic relation, theory of ions, efficiency and the like, and much practical 
data on the components of primary batteries. Illustrations of the more important 
batteries which have survived the test of time are described with charts of per- 
formance. Among these, the pile Féry whose chief characteristic is depolarization 
by oxygen from the air is of especial interest. In the second part we have first 
the theory of the lead accumulator, its characteristics, capacity, life and efficiency 
followed by an examination of various elements and electrolytes. Constructive, 
structural and manufacturing features of lead batteries then are treated at 
considerable length. An account of the Edison battery and an ample section on 
installations conclude the work. A bibliography with one exception from French 
sources is appended. LuciEN E. PICOLET. 


MovinG Coit LOUDSPEAKER, COMPLETE CONSTRUCTIONAL DETAILS AND Di- 
MENSIONAL DRAWINGS. By F. H. Haynes, Assistant Editor of ‘‘The Wire- 
less World.” 32 pages, 22x14 cm., paper. London, Iliffe & Sons, Ltd. 
Price, 1/6. 

Since the first introduction of the loudspeaker when the radio devotee was 
content with headset reception, a steady improvement has continued in the 
performance of that device, and loudspeakers of several makes in this country 
since the last few years have yielded a quality of performance quite satisfying 
to the majority of users. These are now generally of the paper-cone type operated 
by a somewhat enlarged telephone receiver. The speaker here described, for 
which great fidelity of tone-reproduction is claimed, is also of the paper-cone 
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type and is apparently of American origin. Here, the vibration of the cone is 
effected by a coil integrally fastened to the small base of the frustum which 
receives the pulsating current from the radio set. An energizing magnet of the 
iron-clad type positioned in proximity with the moving coil and axially with it 
produces the required intense field. The device is described in a paper published 
in the A. I. E. E. Journal for September 1925. 

A very complete description of the details of construction is given illustrated 
by well executed drawings, but a longitudinal section of an assembly which is 
omitted would have added much to the clarity of the description. The cost of 
the machined castings and other materials exclusive of labor is given at £4-5-0. 

Lucien E. PICOLET. 


THE CALENDER EFFECT AND THE SHRINKING EFFECT OF UNVULCANIZED RUBBER. 
By Dr. W. De Visser, translated from the original Dutch by Edward S. 
Allsop, sworn translator, Hilversum, Holland. viii-152 pages, 21 x 14 cm., 
cloth. London, Crosby Lockwood and Son, 1926. Price, 15/. 


The value of a monograph which analyzes the technique of an important 
phase of manufacture in a major industry like that of rubber whose varied uses 
are familiar to everyone is obvious. One of the several processes through which 
the material which constitutes the product passes is known as ‘‘calendering.” 
In this process as described by the author ‘‘the warm plastic mixture of rubber, 
sulphur, compounding ingredients and accelerator is rolled into a uniform sheet 
of the desired thickness. The articles to be vulcanized later are made from 
these sheets.” The work deals with a critical examination of the effects of 
calendering, the difference of the stress-strain curve, with and transverse to the 
direction of rolling, the unequal change of form in the length, breadth and thick- 
ness of the sheet, and the irregular deformation of pieces for the manufacture of 
articles which are cut from unvulcanized sheets. 

After a review of the technical importance of the subject and a survey of the 
literature of experiments on calender effect, the necessary conditions of production, 
control and examination of the material as affected by the process are minutely 
analyzed. Well-executed half-tones, sketches, many stress-strain diagrams and 
numerous tables are included. There are also numerous bibliographical references 
To the specialist in rubber manufacture this searching analysis should prove of 
rare interest. Le Be PB: 


MAGNETISM AND ATOMIC STRUCTURE. By Edmund C. Stoner, Ph.D. (Cam- 
bridge), Lecturer in Physics at the University of Leeds. xiii-371 pages, 
22x14 cm., cloth, illustrated. New York, E. P. Dutton and Company. 
Price, $5. 

As early as the time of Ampère we had the suggestion of molecular currents 
as the cause of permanent magnetism, and with the opening of the present century, 
the work of those celebrated investigators who discovered the electron and 
demonstrated its properties initiated the remarkable evolution in atomic physics 
of which one phase is the generous collection of fact and deduction in the appli- 
cation of atomic theory to the interpretation of magnetism. In this work is set 
forth an account of magnetic phenomena and their formulation in terms of the 
quantum theory. The large amount of work which has been done in this field 
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precludes the discussion of more than representative researches of which a 
sufficiently comprehensive account is given to enable the reader to follow its 
further development. No review is made of the subject-matter of the numerous 
texts on magnetism as usually presented and the general phenomena of ferro- 
magnetism receive only brief reference. 

After an introductory chapter which is a model of concise thoroughness, an 
account is given of the classical electromagnetic theory and the earlier methods 
and results. The interpretation of magnetism as an atomic phenomenon is then 
developed, followed by an analytic review of the quantum theory and a survey of 
experimental results made during the period of evolution of the quantum theory. 
Among the topics of the ten succeeding chapters may be mentioned: Quantum 
and Weiss magneton number; Magnetic deviation of atomic rays; The Zeeman 
effect and other magneto-optical effects; Diamagnetism; Magnetism and the 
structure of the atom. Under these headings and others, the author makes a 
fully detailed presentation of the most recent investigations, many of which 
have been available only in original papers. For the benefit of the reader, who 
should possess a considerable degree of mathematical proficiency, the author has 
described quite fully the codrdinate and vector methods of procedure which are 
employed throughout the book. The work constitutes a well-balanced and 
thoroughly documented account of recent progress in the study of atomic 
magnetism. L. E. P. 


THE Rise OF MODERN Puysics, A PoPULAR SKETCH. By Henry Crew, Ph.D., 
Fayerweather Professor of Physics in Northwestern University. xv-356 
pages, 18x 13 cm., cloth. Baltimore, The Williams and Wilkins Company, 
1928. Price, $5. 

Treatises on physics are concerned with the science as it is and dwell only 
briefly upon historical facts. That the lessons of the past are of value is generally 
admitted, and how much of one’s time should be taken from the major task of 
dealing with the new and important matters of immediate interest to acquire a 
just perspective of the subject by some attention to the past is a problem which 
this volume aids materially in solving. The burden of the student of science is 
a heavy one but the informal and fluent character as well as the scholarly method 
of this narrative which will impress the reader with its quality will go far to 
lighten the additional task and prove rather a diversion of compelling interest. 
Beginning with the pre-Greek period when the contributions to physical science 
were mainly of a utilitarian character which received no formulation that in any 
way resembled a physical law, Dr. Crew depicts the influence of that immortal 
group of scholars of the Alexandrian period, Pythagoras, Euclid, Archimedes, 
Hipparchus and Claudius Ptolemy, as well as other notable figures in Greek and 
Roman science. It is in this period, we learn, that while geometry and trigo- 
nometry bore a close resemblance to processes in use to-day the first electric 
current was two thousand years in the future. After noting the contributions 
of the Arabs, an outline of medieval science follows in which are included the 
enduring names of Roger Bacon, Leonardo da Vinci, Copernicus, Tycho Brahe 
and Kepler. 

Then comes the birth of modern physics with Galileo, Huygens and Newton 
which are more or less familiar to a student of physics. Their work and that of 
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others like d’Alembert, Snell, Young and Fresnel is recorded in its proper rela- 
tionship and with reference to the circumstances and influence of the times in 
which they lived. The rest is more commonplace in its modernity and the famous 
names concerned with that period are many-fold in number that of previous 
periods but the narrative continues with undiminished zest. The early work of 
the pioneers in electricity and magnetism is recorded, the laws of Coulomb, Gauss 
and Weber. This is followed by heat, thermometry, electromagnetism, and 
finally the great strides which have been made in the atomic theory and its 
relation to electricity, magnetism and the extraordinary developments of spectro- 
scopic investigation. 

Twenty-four portraits of celebrated physicists contribute a desirable touch 
of human interest. A brief but representative bibliography and numerous refer- 
ences with the text will prove helpful to the serious reader. The work is of 
especial value in a school course in that it represents, as the author expresses it, 
an irreducible minimum for a just perspective of the past in physical science. 
The readable style in which it is written will prove equally attractive to the 


general reader. 
Lucien E. PICOLET. 
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The Disposal of Sewage. A text-book for the use of engineers, sanitary 
inspectors and students by T. H. P. Veal, B.Sc. 173 pages, illustrations, folded 
plates, 12mo. New York, D. Van Nostrand Company, 1928, price $4.25. 

The A.C. Commutator Motor, by C. W. Olliver, B.Sc. 281 pages, illustrations, 
8vo. New York, D. Van Nostrand Company, 1927, price $7.50. 

Piles et Accumulateurs Electriques, par Lucien Jumau, Collection Armand 
Colin. 194 pages, illustrations, 16mo. Paris, Librairie Armand Colin, 1928, 
price, in paper, 9 francs. 

Matter, Electricity, Energy. The principles of modern atomistics and experi- 
mental results of atomic investigation by Walter Gerlach. Translated from the 
second German edition by Francis J. Fuchs, Ph.D. 427 pages, illustrations, 8vo. 
New York, D. Van Nostrand Company, 1928, price $6.00. 

Probability and its Engineering Uses, by Thornton C. Fry, Ph.D. 476 pages, 
illustrations, 8vo. New York, D. Van Nostrand Company, 1928, price $7.50. 

Electric Winders. A manual on the design, construction, application and 
operation of winding engines and mine hoists by H. H. Broughton. 402 pages, 
illustrations, folded plates, quarto. New York, D. Van Nostrand Company, 
1928, price $15.00. 

Elements of Optics, by Joseph Valasek, Ph.D. 215 pages, illustrations, 12mo. 
New York, McGraw-Hill Book Company, 1928, price $2.00. 

Principles of Mechanism, by F. Dyson, B.Sc. 296 pages, illustrations, 8vo. 
London and New York, Oxford University Press, 1928, price $4.25. 

Physics for College Students. An introduction to the study of the physical 
sciences by A. A. Knowlton, Ph.D. 641 pages, illustrations, plate, 8vo. New 
York, McGraw-Hill Book Company, 1928, price $3.75. 


904 PUBLICATIONS RECEIVED. [J. F. I. 


A Comprehensive Survey of Starch Chemistry. Volume 1. Compiled and 
edited by Robert P. Walton in collaboration with twenty authorities. 360 pages, 
illustrations, quarto. New York, The Chemical Catalog Company Inc., 1928. 
price $10. 

Sir Isaac Newton, 1727-1927. A bicentenary evaluation of his work. A 
series of papers prepared under the auspices of The History of Science Society. 
351 pages, portrait, 8vo. Baltimore, The Williams and Wilkins Company, 1928, 
price $5. 

Handbuch der Anorganischen Chemie. Herausgegeben von Dr. R. Abegg. 
Dr. Fr. Auerbach und Dr. I. Koppel. Vierter Band, dritte Abteilung, erster Teil. 
Die Elemente der Achten Gruppe des periodischen Systems. Erster Teil, Die 
Edelgase von Dr. Eugen Rabinowitsch. 522 pages, illustrations, 8vo. Leipzig, 
S. Hirzel, 1928, price paper 45 marks 

The Modern Calorimeter, by Walter P. White, Ph.D. American Chemical 
Society Monograph Series. 194 pages, illustrations, 8vo. New York, The 
Chemical Catalog Company, Inc., 1928, price $4. 

Leçons sur les Séries Divergentes, par Emile Borel. Deuxieme edition revue 
et entièrement remaniée avec le concours de Georges Bouligand. 260 pages, 
illustrations, 8vo. Paris, Gauthier-Villars et Cie., 1928, price 40 francs. 

Memorias do Instituto Oswaldo Cruz, Tomo XX, fascicolo II. 176 pages, 
quarto. Rio de Janeiro, 1927. 

La Fabrication Chimique de l’Or. (Procédes Jollivet Castelot.) Text 
Francais. (Traductions Anglaise, Allemande, Espagnole.) 126 pages, 16mo- 
Douai, France, Author, 1928. 

U. S. Department of Commerce, Bureau of Mines, Technical Paper 427, 
Propagation of flame in mixtures of natural gas and air, by H. F. Coward and 
H. P. Greenwald. 28 pages, illustrations, 8vo, price 10 cents. Technical Paper 
433, Experiments in underground communication through earth strata by L. C. 
Ilsley, H. B. Freeman, and D. H. Zellers. 60 pages, illustrations, plates, maps, 
8vo, price 20 cents. Bulletin 291, Tabulated analyses of representative crude 
petroleums of the United States by N. A. C. Smith and E. C. Lane. 69 pages: 
8vo, price 15 cents. Washington, Government Printing Office, 1928. 

National Advisory Committee for Aeronautics, Technical Notes, No. 282, 
Corrosion embrittlement of duralumin. I. Practical aspects of the problem, by 
Henry S. Rawdon, 11 pages, illustrations, quarto. No. 283, Corrosion embnittle- 
ment of duralumin. II. Accelerated corrosion tests and the behavior of high- 
strength aluminum alloys of different compositions by Henry S. Rawdon, 38 pages: 
illustrations, quarto. No. 284, Corrosion embrittlement of duralumin. HI. 
Effect of the previous treatment of sheet material on the susceptibility to this 
type of corrosion by Henry S. Rawdon. 24 pages, illustrations, quarto. No. 285, 
Corrosion embrittlement of duralumin. IV. The use of protective coatings by 
Henry S. Rawdon. 31 pages, illustrations, quarto. No. 286, Preliminary 
investigation on boundary layer control by means of suction and pressure with ther 
U. S. A. 27 airfoil by E. G. Reid and M. J. Bamber. 18 pages, illustratlons 
quarto. Washington, Committee, 1928. 
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On the Union of Helium with Mercury. J.J. MANLEY. (Phil. 
Mag., Oct., 1927.) When the glass tube of a mercury barometer is 
moved up and down, its lower end remaining always beneath the 
surface of the liquid in the vessel open to the air, electric charges 
are developed upon the glass. If a little gas is present between 
the mercury and the closed tube above it, a feeble glow appears. 
There is usually in addition some chemical action that causes a 
reduction in the gas pressure. In many cases a stain is seen upon 
the walls of the tube and later a solid deposit forms there. When 
the contained gas is oxygen, nitrogen or air, the deposited solid 
consists of ‘‘mercury oxide, a stable nitride of mercury or a com- 
pound containing both mercury and ammonium,”’ respectively. 
With very pure hydrogen in the tube the friction of the glass upon 
the mercury may be continued for hours without causing anything 
more than the glow, but after very long action a pearl-like luster 
appears on the glass, which is so transient that it cannot be chemi- 
cally analyzed. The author believes it to be a hydride of mercury. 
The experiments just cited were performed by attaching the 
barometer tube to a pin some distance from the axis of a pulley 
rotating about a horizontal axis. 

Other experiments were carried out with pure helium as the 
gas in the tube, the purpose being ‘‘to illustrate the correctness of 
the views universally held concerning the observed chemical inert- 
ness of the gas.” After the tube had moved up and down for a 
long time there was no change in the appearance of the glass surface 
but a surprising thing had occurred: the pressure of the helium had 
grown less and that by no microscopic amount. The initial pressure 
was 7 mm. and the final amount 2.3 mm. It seemed difficult to 
explain the observed reduction of pressure except by assuming the 
formation of a helide of mercury but so radical a hypothesis de- 
manded more thorough investigation of the facts. A more compli- 
cated apparatus was accordingly constructed and used. ‘The 
barometric tube executed some 7,000 or more strokes per hour.” 
The results confirmed the author’s belief that “at low pressures and 
in the presence of a glow-discharge helium is capable of uniting with 
mercury.” The helide thus produced was not condensed at the 
temperature of liquid air but it did cause some kind of a skin 
upon the surface of the glass. The reduction of pressure observed 
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with the improved apparatus was by no means as great as with the 
original form. 

Since the helide seemed to be formed in a glow discharge, several 
ways of applying this were tried. Most of them were useless but 
one or two gave good results. By the use of one the weights of 
the combined mercury and helium were determined and found to 
be respectively .236 and .047 mg. There is evidence for the 
existence of one helide with the formula HgHej, and of another 
with the simpler composition HgHe or HgHe:. 

Experiments in which argon replaced helium showed that this 
gas does not combine with mercury. G. F.S. 


A Redetermination of the Newtonian Constant of Gravitation. 
PauL R. HEyL. (Proc. Nat. Acad. Sciences, Aug., 1927.) The 
author of this paper was years ago the recipient of part of the 
Boyden Premium of The Franklin Institute. He was one of the 
inventors of the inductor compass used by Lindbergh in his trans- 
Atlantic flight. It was his father who in the early 70’s of the last 
century gave in the Academy of Music, Philadelphia, an exhibition 
of moving pictures long before Eadweard Muybridge’s work under 
the auspices of the University of Pennsylvania. 

For a generation the accepted value of the constant of gravitation 
has had joint and concordant support in the independent results of 
C. V. Boys in England and Carl Braun on the continent. They 
agreed to four significant figures in finding the constant equal to 
6.658 X 10™ dynes, that is, two gram masses concentrated at points 
one centimeter apart attract each other with a force of 6.658 X 10% 
dynes. While the averages of their results were so exactly alike, 
still in the case of both men the separate results used in calculating 
the averages differed considerably from one another. This led 
Poynting to assign the value 6.66 X 107°, with the possibility of 
one unit error in the second decimal place. Since the Newtonian 
constant underlies all the complex interactions of the solar system 
and indeed the whole starry universe, Dr. Heyl has thought it 
well to endeavor to push the determination of its value to a further 
decimal place. 

He uses the torsion balance so often used in such work since the 
days of Lord Cavendish. Boys measured the permanent deviation 
from the neutral position produced by the attraction of two large 
masses on two smaller masses located at the ends of a light hori- 
zontal beam supported by a vertical wire or thread, and seemed to 
have carried the accuracy of his method as far as it could go. 
On the other hand Braun felt that he had not reached the limits of 
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his method. Dr. Heyl consequently adopts this suggestion, and 
follows Braun in his arrangement of the apparatus and in his 
reliance upon a change in the period of oscillation of the torsion 
pendulum caused by a shift in the position of the two large masses. 
The two relative positions of the two large attracting masses, M, 
with respect to the two small masses, m, located at the ends of the 
horizontal beam of the torsion pendulum are as follows: M mm M 
M 
and m m. In the absence of the masses M the beam when 
M 

displaced horizontally will swing to and fro under the influence of 
the torsion of the suspending wire, but in the presence of the two 
large masses their attraction upon the smaller masses will be com- 
pounded with the torsional force, and the period of oscillation 
for the first position above given will be different from that for 
the second. In Braun's work this difference amounted to 46 secs. 
His large masses were about 9 kg. each. By employing masses of 
66 kg. while leaving practically unchanged the other quantities 
concerned, Dr. Heyl raised the period to 330 secs. The work was 
carried on in a constant temperature. room at the Bureau of 
Standards, 35 feet underground. To avoid the presence of blow 
holes in the steel cylinders forming the two large attracting masses, 
they were forged down from 12 to 9g inches in diameter. The 
horizontal beam of the torsion balance was so designed that 99 
per cent. of its moment of inertia was in the balls at its ends. The 
supporting wire was a filament of tungsten a meter long. Boys 
used a thread of silica but it was hard to manipulate and broke 
without apparent cause. The procedure for getting the torsion 
balance to swing presents a very vivid proof of the existence of 
gravitational attraction between bodies of non-planetary size. “To 
start the pendulum swinging, gravitational attraction was employed. 
Two bottles holding about 2 kg. mercury in each were placed in 
the maximum attraction positions and changed to the opposite 
sides of the pendulum in time with its swing. By repeating this 
process for two hours it was possible to produce an amplitude of 
3% degrees.” | 

Observations made in 1926 gave as values of the constant the 
following, all to be multiplied by 10-*—6.661, 6.661, 6.667, 6.667 
and 6.664, mean 6.664. ‘‘No previous investigator has obtained 
results agreeing to more than two significant figures.” This is an 
accomplishment that reflects great credit upon the American 
scientist to whose skill and patience it is due. G. F.S. 
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Standardization of Cod Liver Oil. WaLLAace H. DICKHART 
(Oil and Fat Industries, 1928, 5, 82-84) has modified his uranium 
nitrate test which has been noted in Journal of the Franklin Insti- 
tute, 1927, 204, 820. In the modified test, use is made of a 6-inch 
test tube with an internal diameter of 20 mm. The oil (3 c.c.) 
and the uranyl nitrate (10 mg.) are placed upright in a 400 c.c. 
beaker containing 80 c.c. of water which has been heated so that 
it just boils. The tube is kept at this temperature for 20 minutes, 
then cooled, and the color of its contents measured. Certain 
grades of sardine oil yield a deep green color like that of chlorophyll 
at the end of 2 minutes in this test; this color becomes a deep red 
on further heating. Dickhart proposes the following standards, 
the color measurements being made in a Wesson tintometer using 
standard Lovibond glasses:—For medicinal cod liver oti, a maximum 
of 1 yellow o.1 red before testing in the modified manner, and 35 
yellow 3.8 red after heating as described above. For poultry oil, 
1.5 yellow 0.2 red before testing and 35 yellow 5.0 red after heating. 

J.S. H. 
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men,—with a completeness and accuracy not to be found elsewhere. 


A Practical Economy, both to the employer and the individual. 
816 Packard Building, Philadelphia 


60,000 Baldwin Locomotives 


INTERNAL COMBUSTION LOCOMOTIVES 
OIL BURNING LOCOMOTIVES 


THE BALDWIN LOCOMOTIVE WORKS 


PHILADELPHIA 


AMERICAN PLATINUM WARE 


Standard Ware—Made of our specially refined platinum. 
Meets the most exacting demands of the laboratory worker. 


Complete Catalogue No. 15 on request 


AMERICAN PLATINUM WORKS 
NEWARK, N. J. 


Drexel’s “One Standard” Policy 


Attracts to the Drexel Evening School students of the highest 
type—earnest, ambitious—successful men of to-morrow. 
Over two thousand students are enrolled each year in 


Evening Courses running from three to five years in length. 
The Drexel man is a good man for your business. 


Drexel Evening Diploma School 
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